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CHAPTER 1
KEYNOTE SESSION

General Chairman: Lynn E. Baker
U.S. Army Chief Psychologist

Office of the Chief of Research and Development
Department of the Army
Washington, D.C. 20310

1A. BACKGROUND

References: Con!jye,i'c. " University of Michigan,
a. Conference Report, "Army 3-6 ,'" ,er 1961.

Human Engineering Conference,"
The Pentagon, 14-15 December 1955. h. Report, "Eighth Annual

Army Human Factors Engineering

b. Report, "Second Annual Conference," U.S. Army Infantry

Army Engineering Psychology Confer- Center, and U.S. Army Infantry
ence," Army Medical Research Lab, School, Fort Benning, Georgia,
Fort Knox, Kentucky, 7-9 November 16-19 October 1962.
1956.

i. Report, "Ninth Annual
c. Report, Third Annual Army Human Factors Research and

Army Human Factors Engineering Development Conference," Walter
Conference," Quartermaster Research Reed Army Medical Center, Washing-
and Engineering Command, Natick, ton, D.C., 14-17 October 1963.
Massachusetts, 2-4 October 1957.

j. Report, "Tenth Annual

d. Report, "Fourth Annual Army Human Factors Research and
Army Human Factors Engineering Development Conference," U.S. Army
Conference," U.S. Army Chemical Aviation Center, Fort Rucker,
Center, Maryland, 9-11 September Alabama, 5-8 October 1964.
1958.

k. Report, "Eleventh Annual
e. Report, "Fifth Annual Army Human Factors Research and

Army Human Factors Engineering Development Conference," U.S. Army
Conference," Redstone Arsenal, John F. Kennedy Center for Special
Alabama, 22-24 September 1959. Warfare, Fort Bragg, North Carolina,

3-6 October 1965.
f. Report, "Sixth Annual

Army Human Factors Engineering 1. Report, "Twelfth Annual
Conference," Fort Belvoir, Virgin- Army Humai, Factors Research and
ia, 3-6 October 1960. Development Conference," U.S. Army

Infantry Center, Fort Benning,
g. Report, "Seventh Annual Georgia, 2-5 October 1966.

Army Human Factors Engineering



m. Report, "Thirteenth Research and Development Conference

Annual Army Human Factors Research Committee. The committee is compos-

and Development Conference," U.S. ed of representatives of the Chief

Army Signal Center and School, of Research and Developmere (Chair-

Fort Monmouth, New Jersey, 25-27 man), The Surgeon General U.S.

October 1967. Continental Army Command, U.S.
Army Computer Systems Command, U.S.

n. Report, "Fourteenth Army Materiel Command, the U.S. Army

Annual Army Human Factots Research Behavior and Systems Research Lab-

and Development Conference," U.S. oratory, and the Human Resources

Army Tank-Automotive Command, Research Organization, Inc.(HumRRO).
Warren, Michigan, 23-25 October
1968. Purposes of the Conference

are:

o. Report, "Fifteenth
Annual Army Humar. Fectors Research a. To provide direct ex-

and Development Conference, U.S. change of information on human

Army Training Center, Infantry, factors research and development

and Fort Ord, California 4-6 Nov- among personnel of U.S. Army

ember 1969. development agencies and between
these and representatives of user

p. Army Regulation 70-8, agencies and other qualified

Behavioral and Social Sciences individuals.

Research and Development, dated 28
April 1969. b. To provide recommend-

ations and suggestions to be follow-

q. Army Regulation 602-1, ed up by the U.S. Army Behavioral

Human Factors Engineering Program, and Social Science Research and

dated 2 March 1968. Development Committee to assure
exploitation of all opportunities

Sponsorship and Planning for improving the effectiveness

of the Conference: of the U.S. Army soldier, his
training and his equipment.

The annual U.S. Army Human
Factors Research and Development c. To provide a conference

Conference is sponsored annually report which will serve as a usefujl,

by the Chief of Research and Devel- authoritative, and complete com-

opment (OCRD), Department of the pendium of current work programs

Army. This Conference is the and related information concerning

sixteenth in the series. The Con- all U.S. Army human factors re-

ference includes programs in all search and development activities.

areas of human factors research of
interest to the Army. Chairman"s Summary and Forecast:

Previous Conferences Technological advances in

have been reported in references air defense artillery materiel and
data processing capabilities, coupl-a through a above.
ed with the awesome destructive

In accordance with refer- potential of our weapons, force at-
ences, planning for the Conference tention to the relation between hum-and follow-up of suggestions and an and hardware components of airandofollow-upnsfasuggestionsshnd defense and other command and cun-
recommendations are accomplished trol systems.
by an ad hoc USA Human Factors

2



Respecting Computer-Based to Navy discipline. To the contrary,
nommand and Control Systems, BG displacement of flogging as a key- t

Reed, CG, U.S. Army Computer Syst- stone of naval discipline presented
ems Command, described: special serious new challenge, called for
requirements imposed by battlefield the best qualities of leadership
conditions on ADP systems (must be and a new test in which the men in
rugged and mobile, operable and the ranks could prove themselves,
maintainable by non-technical troops) and (with other changes) laid the
goals of battlefield data automation foundations for a career enlisted
f.;r the 1980's (gather, process, service. Similar challenge to long-
integrate, and disseminate inform- range planning for research in the
ation in time to permit commanders social sciences is presented to the
to influence the action); current military today.
battlefield information systems
(information overload with conseq- Sessions II-VII covered
uent lost opportunities for action human functions and training con-
and re-action);Army's response (Pro- siderations for automated command
ject ADSAF automation in TOS, TAC- and control systems in general and
FIRE CS3 ); roles for human factors for SAFEGUARD in particular; and
technology to (a) maximize useful- CONARC's interaction with the
ness of information available from scientific community. Emphasizes:
an automated system, and (b) how much of what to give a soldier
reduce maintenance and operational and how to make him effective in
burdens of automated systems on the combat as part of a team -- to be
battlefield user. situationally responsive, militar-

ily well motivated, and disciplined
BG Adamson, ODCSPER, in the against drug abuse, racial discrim-

Sponsor's Charge, presented vivid ination and mission-disruptive act-
contrast of technical versus human ivities; the commander's desires
environments and challenged research and needs to couple advancing tech-
to take account of inter-personal nology with military know-how.
problems (e.g. "age polarization"
between troops and non-coms, junior
and senior officers) in command and FukuLCAST: New A..;ny human
cont:ol. factors R&D facility -- Manpower

Resources Research and Development
Banquet Address of Dr. Clark Center -- will provide in-house

(MG, USA-ret.) cited example of 1850 capability for research and develop-
circular of Sec Nay to waich replies ment of unit training principles
from 84 naval officers showed less and procedures and for realization
than 1% felt that abolition of flog- of career enlisted service for the
ging would be critically destructive American soldier of the future.
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A B. ADDRESS OF WELCOME

Richard T Cassidy, Major General
Commanding General

Army Air Defense Centr.r and Fort Bliss, Texas 79916

I was particularly pleased to WW II, equipment, available technol-
Le asked to host the 16th Annual ogy and its utilization were not
Army Human Factors Research and particularly complex. Today, the
Development Conference. Because situation is far different. Weap-
this year's Conference is emphasiz- onry, technology, and as a resulL,
ing the behavioral science and human the conditions of battle have all
factors aspects of Army command and undergone revolutionary change.
control systems, I consider Fort
Bliss, the U.S. Army Air Defense The growth of technology has at
Center, o most appropriate location, once increased the amount of inform-

ation that a commander must consider
Technological breakthroughs in making a decision and has reduced

in air defense artillery materiel the time available for him to do so.
and in data processing capabilities However many - 3ple have reasoned
coupled with the awesome destruct- that more of the technology which
ive potential of the weapons in our has caused the increase in complex-
arsenal focus attention on the re- ities of the military environment
lationship between the human element could be exmployed to solve some of
and the command and control system. the coukmand and control problems.

I am confident that this Conference
Since the beginning of recorded will contribute to the speedy solut-

history, military men have had reas- ion to many of these problems.
on to complain about the quantity,
quality, and timeliness of data During the course of the Con-
provided them as they evaluated ference the Air Defense School will
critical tactical or strategic in- make presentations which will pro-
formation. In spite of the earlier vide some insight into the employ-
slow pace of events, informatior ment of air defense artillery.
about the enemy and about one's ,wn There will be a briefing on air
forces tended to be unreliable. In defense in the field army covering
part, this was due to the necessary the mission, objectives, history
reliance on fallible humans for the and devel'pnent of air defense to
observation of enemy action and for include tactics and future develop-
the transmission and summarization ments. Additionally, you will see
of such observations. Prior to an engagement scenario called "Nike

4



in the Attack." The Safeguard Again, it is my pleasure to
Central Training Facility will pre- welcome you to Fort Bliss and the
sent an unclassified briefing ex- sunny southwest. The Air Defense
plaining the Safeguard system, its Center stands ready to assist you
deployment, and our training con- in any way possible, and I wish you
cepts. success in your Conference.
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1C. SPONSOR'S CHARGE

James B. Adamson, Brigadier General
Office, Deputy Chief of Staff/Personnel

Washington, D.C. 20310

General Betts, General Cassidy, As a result of this mission, I

Ladies and Gentlemen: feel that complete examination of
the soldier of today, his attitudes

The charge I deliver to you this and his environment, are basic to

year is designed to enlist your ef- such a major change as the volunteer

forts in developing a practical ap- Army. My travels have led me to

proach to some very serious Army many interesting conclusions. Let

problems. We are experiencing these me share a few of them with you.
problems now and expect them to con-

tinue. They affect hini; operations In the Army today, manpower is
on a broad front and in my judg- being pretty well managed -- perhaps
ment are relevant to the development better than ever. But it is only

and operation of command and con- with great difficulty that the sold-

trol systems. They constitute the ier of today is being led. I cannot
real environment of the Army and but draw a parallel with the once
should be included as first priority great Roman Empire, which in its
in all of our research approaches. day was better equipped and better

These problems ire the communicat- managed than any empire in the

ions gap at the face-to-face level, world. The empire crumbled before
drug abuse and race relations. Such the might of less sophisticated

roadblocks to effective human re- peoples who were less well equipped
lationships must be analyzed for and rather poorly managed. They
their affects upon the command and were merely led. The Romans of that
control of Army operations. day were imbedded in the culture of

an affluent society, one which al-

Recently, I have had the oppor- lowed time for each person to do

tunity of traveling to many areas his thing. When the chips were

of the world where our troops are down, it developed that the nature
deployed. My purpose has been to of each individual's thing did not

discuss the feasibility of actions contribute to adequate collective
which my staff and I believe are defense.
necessary in order to move from our
current reliance on the draft to an Today, in the Army, we have ser-
all-volunteer Army. In my trips, ious problems in spite of all the
a secondary mission has been to ob- scientific advances we have made.
serve the Army's people. We have a communications gap at

4 6



the face-to-face level. To be not unrelated with the previous
sure, we hale communications equip- two, is the racial problem. In
ment, computers to program our opt- spite of enlightened leadership
io-q, and more technological im- in the field of race relations for
p. ements are under development, a quarter of a century, the Army
Important as they are, these are is faced daily with charges of real
sometimes not the most crucial and imagined discrimination against

aspects of communication. We have minority groups. How can the Army
the problem of the private com- inspire and utilize the best ef-
unicating with his squad leader, forts of all of its soldiers?
It just isn't being done adequate- What environmental changes, com-
ly. And, the platoon sergeant and mand actions, job designs and car-
first sergeant are even more re- eer systems are needed?
moved from the thoughts and in-
sights of the private. This com- It would be easy to atLribute
munications gap is paralleled by these and other problems to the
the distance between the junior existence of the war in Vietnam,
officer and the senior officer, but this war is not the cause. It
Communications are polarized by is merely a convenient happening
the age of the soldiers. On the to which we are tempted to attrib-
one hand, the senior officers and ute our problems. Our problems
the noncommissioned officers have are much deeper than any specific
rapport. On the other hand, the political or military act upon
junior officers and enlisted men which objections are voiced. We
communicate. There are age and face the problems of monumental
cultural differences to overcome social change which accompanies
between groups before a unified scientific revolution. The change
Army society can be achieved. Un- promises to be equally traumatic
doubtedly, you realize that ttis as that of the industrial revolut-
condition is a mirror image of Amer- ion some years ago.
ican society. We are facing this
same problem in the environment of From my own parochial stand-
our families. point, I need to know what changes

must be made in the Army now in
A second problem is order that it will become known as

that of drug ebuse. Aside from the a good place to live and work. If
outwardly visible excuses such as our soldiers are to be voluntary
easy access to drugs overseas and recruits, this is fundamental.
acquired habits before entering
the Army, it is apparent that drug
abuse is a sign of a vacuum of The design and development of
values or a lack of personal goals. new command and control systems

Could inspiraticnal leadership must appreciate the individuals and

create values which would challenge groups who operate and support these

today's youth to the point where systems. Job design must challenge

they would not seek escape through and satisfy the goals of individuals
drugs? How can the on-duty oper- as well as meet technical require-

ational situation provide or sup- ments. Job aids, tools and test

port these goals while achieving equipment must be realistic in terms

mission performance? How can the of the skills and abilities of our

off-duty situation reinforce these soldiers. Units must be designed
goals? to enhance individual development

and leadership as well as mission

Still another problem, although performance.

7



From a larger standpoint, we has called a new "thinking plateau."
must concentrate upon developing, I charge you to devote your
through systematic general studies, thoughts to developing a sound blue-
blueprints for dynamic enlightened print for the changes which must be
leadership to bridge the gaps and made. It is from the talents of you
overcome the barriers presently assembled here today that such
found among the Army's major groups. guidelines must come. We have here
This leadership reform is an absol- at stake an issue for which today's

ute must if our Army is to endure solutions are rapidly showing them-
and remain capable of responsibly selves to be inadequate, Our prob-
answering the demands of our nat- lem is not so much to change the
ion's defense. One approach to this young to values of the old, but to
reform is described by Major John D. adapt the leadership to meet the
Elliot in his article in this month's challenges found in the present en-
Military Review. He sees the need vironment. What we need is a trans-
for what he calls an "open military ition from the leadership practices
society." Face-to-face communicat- of yesterday to those which will be
ion to encourage free expression required in the near future. This
of opinion. Innovative change would task requires the best efforts of
be expected rather than feared. The the human factors research commun-
nation:s youth would be challenged ity. Development of a useful solut-
to become the building blocks and ion to this problem may be one of
provide a basis for establishing an the greatest challenges you have

Army on what General Westmoreland ever undertaken. I
I

!
I
I
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1D. KEYNOTE ADDRESS

Austin W. Fetts, Ueutenant General
Chief of Research and Development

Department of the Army
Washington, D.C. 20310

INTRODUCTION to refer to "the automatic handling
of parts between progressive prod-

The theme of this conference uction processes" in the General
is "Human Factors in Command and Motors Corporation. Twenty years
Control." Back in the days when I later, in 1956, L. Landon Goodman
was a second lieutenant - and on was able to say that the purpose
into the 40's and 50's - such a of autoruation is "to utilize the
theme so worded would have been so mechanization of thought and ef-
obviously redundant as to be almost fort to achieve an automatic and

meaningless. In those days we'd in some cases a self-regulating
have said that the words "command chain of processes." -- Note the
and control" could refer to nothing words "utilize the mechanization
else but human factors. It's a of thought."
sign of the times that C2:ADP (com-
mand and control equates to auto- Recent history of the technol-
matic data processing)! ogy of modern industrial operations

finds its application not only in

To be sure we knew a lot the production of military materiel,

about automatic controls even then. but, particularly with the advent
James Watt, in the late 18th cen- of computer technology, also in
tury, had developed the centrifu- design, doctrine, and tactics for
gal governor to control the speed employment of that materiel with
of the steam engine. We also knew the Army in the field. General
that Clark Maxwell and others in Reed, Computer Systems Comm,,.u,
the 19th century were concerned will have more to say on that - .-

with developing studies of the ject later this morning when hz
theory of control, speaks of the development of com-

puter-based command and control
But it was not until the information systems. Following

1930's that engineering practice General Reed's presentation the
began to reflect some of the corn- conference will deal in some de-
mon principles that operate in a tail with Human Functions and
wide variety of regulating mechan- Interfaces in Command and Control
isms. The term "autonation" was Systems, with Problems of Night
first used by D.S. Harder, in 1936, Observation, with Air Defense in

9



the Field Army, and with a number engine development. Use of the
of major aspects of development, best of advanced technology in an
test and evaluation, as well as engine for the Army's utility heli-
training for such systems as TAC- copter should result in sizeable
FIRE and SAFEGUARD. savings in support requirements.

Specific fuel consumrtion-on gallons

R&D OF MANPOWER QUALITY per horsepower output should be re-
AND QUANTITY duced by 20%, which should be im-

mediately reflected in the logistic
You may or may not believe in stream. In addition, maintenance

the ultimate possibility of the man-hours per hour of flight should
"mechanization of thought," to use be reduced by 50%, which means a

again L. Landon Goodman's express- reduction of almost 500 maintenance
ion. If you are concerned,you man-hours per flight hour per month
are not along. I just read a re- of support for each assault heli-
view of a new book, Risk, Survival copter company.
and Power, by R.K. Mueller. He

says...."the danger of a computer In a similar vein, we hope for
is not the science fiction fear considerable savings in man-hours
that machines will begin to think of effort by development of a diag-
like men, but the more realistic nostic and prognostic system for
apprehension that men will begin Army aircraft maintenance. The
to think like machines." They say goal is a system somewhat like those
that "garbage in, garbage out" now in operation for automobile
still remains the basic rule of maintenance. -- one simply drives
automatic data processing and com- a car in, and for a fee of $7 to
puter applications. I do not $10 the car is given a pretty thor-
quarrel with that rule, but I would ough going over. The diagnostic
rather see us more concerned that instruments can tell what is wrong
men may use machines to avoid think- and, to an extent, predict where
ing for themselves. I'd like to trouble may be expected in the fut-
see us applying machines to address ure.
a first principle of military man-
power development: That in an Army In Vietnam, where we have large
of decreasing size, and perhaps even fleets of rotary wing aircraft, we

all volunteer, quality becomes all have to spend much too much man-
the more important. That goes for power on maintenance. We know that
the quality of the men, the quality we can improve on this considerably
of their materiel, and the quality with resultant manpower savings
of rheir leadership. Let's use associated with reductions in unwar-
machines to enhance that quality, ranted re-work, secondary part dam-
not supplant it. age, spare part consumption, and

fault isolation. This should make
Now what about quanitity? Our possible an overall reduction in

research and development programs training and skill level required
must equally be motivated by the of forward echelon maintenance per-
fact that the substitution of mat- sonnel in a future Army that will
eriel for men can realize apprec- probably be highly mobile.
iable manpower savings. Let me
give you some examples taken from The current COBRA gunship is a
current development programs: fine weapon system, but we can and

must do better. If we can keep
Let's start with aircraft Congress on our side, it will be
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augmented by the CHEYENNE. This a truck or personnel carrier. It
remarkably effective gun-ship will can dispense up to 525 M-15 anti-
incorporate a number of advances in tank mines ier hour under ideal
the human factors field relating to soil co> .'ions. The previous
maintenance. The CHEYENNE was des- method, as I'm sure many of you know
igned from the beginning to be cap- from painful experience, was to use
able of being supported in the for- G.I. manpower digging the mines in
ward area of the battlefield. It by hand tools.
includes such things as: built-in
maintenance ramps, built-in test The scatterable anti-personnel
equipment, and modularized compon- mine is another example. Here the
ents of solid state circuitry. scattering may be done by cannon,
These design features should result missile, aircraft, and ground ve-
in a higher availability rate than hicle. We believe the savings in
COBRA because of human factors con- manpower for equal minefield ef-
sideration being given early in fectiveness can be measured in
the design phase. battalions.

We have not yet begun develop- There are developments in art-
ment of a system we call UTTAS - illery that can save precious man-
for Utility Tactical Transport Air- power. Current nuclear cannon pro-
craft System - to replace the cur- jectiles come in pieces that must
rent HUEYS. Again, as I have noted, be carefully handled and meticul-
current maintenance requirements of ously assembled by highly trained
the HUEY technology are high. Those personnel. One type of round re-

- aircraft demand about 6 hours of quires from 30 to 60 minutes for
maintenance for every hour of assembly. To change the yield
flight. For UTTAS we are confident requires dissassembly and re-
that we can cut this to 3:8 to 1. assembly. Projectiles in develop-
Equating this to dollars, even if ment will be shipped and stored
the flying hours for UTTAS were the completely assembled. They will
same as for HUEY, we estimate that require only a relatively few min-
the Army will save about $20 million utes to prepare for firing. There
annually. Actually, mission cap- should be no maintenance needed
abilities of the UTTAS should be while in storage.
reflected in other savings. --
UTTAS is faster, hence can accomp- Another system designed to save
lish more missions per flight hour. manpower is the SAM-D, a future air

defense system. Today's world-wide,
Other systems that enhance man- all-weather ai, defense requirements

power effectiveness in a somewhat total approximately 44,000 active
different way are the TOW and DRAGON Army and National Guard soldiers to
anti-tank weapon systems. Both man all of the Army's HERCULES and
reflect a considerable upgrading in HAWK units. To replace these two
operational capability at no in- systems, and at the same time pro-
crease in manpower over the current vide qualitatively improved air
crew requirements of the 106mm and defense with about the same area
90 mm recoilless rifles, coverage, SAM-D manpower savings

will be quite significant, although
Backing up TOW and DRAGON in not predictable until current study

the anti-tank role is an automatic is completed.
anti-tank mine dispenser. This is
a device manned by 3 men, towed by It is quite clear that the re-
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duction from a 4-man to a 3-man science affecting human factors in
crew in the MBT-70 will save combat military operations. Specific bene-
manpower, but the expected savings fits needed are:
in crew size will in part be offset
by the necessity for increased a. Improved criteria for eval-
maintenance support. Even so, in uation and measurement of unit
this, as in many other cases, any training and performance effective-
manning increase for backup will ness.
be in elements not committed dir-
ectly to combat. These support b. Improved information systems
elements will not be likely to suf- for reporting and supervising train-
fer quite as many casualties as the ing.
combat crews. Hence, they should
require replacement at a much lower c. Improved integration of
rate. This much-discussed example training cycles as they relate to
may well illustrate a second im- deployment demands and performance
plicit principle of military man- capabilities rather than to arbi-
power utilization: Technology that trary fiscal year or calendar year
puts increased power and precision cycles.
at the cutting edge justifies the
acceptance of some increases in d. Training simulators and
manpower support requirements, devices that reduce maneuver costs,

area, time, and personnel support
NEW EMPHASIS IN requirements.
HUMAN FACTORS R&D

I am aware that developments
The Army'c current experience are already under way that will

with the fluidity of warfare on play a role in providing these
the ground and the resulting prob- needed benefits. As respects
lems of command and control (note, aviation, for instance, we al-
for instance, the concept of the ready at work to produce a system
airborne CP) indicate that a sig- that will enable aviation manpower
nificant research effort is war- managers to predict more accurately,
ranted in the area of combat arms during their individual traing, which
unit training. in view of increas- men are most likely to complete the
ed public concern with ecology, it flight training program; - or which
appears that the availability of aviators will be effective at heli-
training areas will be an increas- copter gunnery; - or which ones
ing problem in CONUS just as it has will perform effectively in combat
long been in Europe. Add to this and which will not; - or which
the increasing costs of the use of aviators will remain in service and
tactical equipment, and the require- which will leave.
ments for increase of command skill
and proficiency at all combat arms Similarly, to use another
levels from squad to division, aviation example, I am acquainted
These considerations would dictate with work to develop the helicopter
that our traditional field exer- training simulator that you refer to
cises, and even CPX problems are as the Synthetic Flight Training
not likely to provide the degree System (SETS). The SETS will pro-
of unit combat readiness in the vide advances in the automation of
future that they have in the past. training, computer monitoring and
In short, combat arms unit train- the evaluation of performance,
ing must have a high priority for "adaptive" training that is gaited
applied behavioral and social to the progress of the individual
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trainee, and improved training sys- understood and taken into account
tems management. In short, we ex- in Army programs and policies of
pect SFTS to provide devices and (a) individual recruitment, select-
procedures that have been conceived ion, and training: and (b) ou, doc-
and designed as a complete training trine and practice of the arts of
system rather than as a collection unit command, leadership, and con-
of separate, discrete devices each trol.
independent of the other.

Commencing early in World War
But these benefits for indiv- II a major sociological research

idual selection for capabilities effort titled The American Soldier
assessment, and for training must was undertaken by the Army. This
also be realized for command and project involved over one hundred
control of combat units at the squad, and thirty behavioral scientists.
platoon, battalion, and even the It was initiated with the personal
division level. Let's look at the approval of General George C.
three pieces of this problem. One Marshall and the support of the
thi-d relates to tactical operat- General Officer Corps. Research
ions; another to combat support, detachments were established in
and the third to what we may call - Europe, the Mediterranean, Central
for simplicity's sake - intelligence. Pacific, and India-Burma with

In support of each of these broad smaller units in Philippines, Pan-
areas we have a variety of programs - ama, Alaska and the Southwest

such as TACFIRE for the operations Pacific. For four years this mas-
side; CS3 for the support side, and sive effort recorded the attitudes
for the intelligence third perhaps and values of a half-million Americ-
we should list Project MASSTER. It an youths toward a variety of mili-
is in the integration of these tary topics. Major policy and
three that I believe human factors legislative decisions were based
can make a major contribution. Tech- on this eminently useful research;
nology tells us that it is conceivable its best known achievements were
that a commander can receive with the the "Point System" of demobilizat-
push of a button, literally miles of ion and "GI Bill" cost estimates.
detailed photographic coverage. The range of research topics was
Simultaneously, a mix of other sens- very broad indeed, and included,
ors can provide him with additional for example, analysis of: psychiat-
real time data. Thus we have a ric casualties (combat motivation
very real human problem - that of and control of fear), winter cloth-
prompt, real time intelligence pro- ing preferences, medical care,

cessing and evaluation. How do we fraternization policies; attitudes
solve this? toward WAC, special assignments,

promotion policies, job assignment
Another human factors prob- policies, and weapons preferences.

lem - this at the unit level. Be-
havioral science must take account A monumental four-volume work
of the fact that it is as obvious was issued from the research effort
as the rising sun that major soc- dealing with adjustment to Army
iological changes are occurring in life, special problems of combat
the nation with ever-increasing mom- and its aftermath, experimental
entum. Since the Army is in major studies of communication, and
degree a reflection of the nation, methodological problems of attit-
it is imperative that the longer- ude measurement and prediction.
range effects of these changes be With demobilization, the social
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scientists returned to their campus- the increased power and precision
es and the study of military attit- at the cutting edge that justifies
udes and values was allowed to acceptonce of calculated increases
lapse. It must now be revived, in manpowqr support requirements.

For these and other reasons, c. Our advances from behav-
we have recently established, as a ioral science applications to
Class II activity of the Office of individual selection, classification,
the Chief of Research and Develop- and training must now be extended
ment, a new agency to be known as and complemented by advances in unit
the Manpower Resources Research and training, unit performance assess-
Development Center (MRRDC). It will ment, and unit motivation and lead-
be the function of this new agency ership.
to build upon and complement the
advances that you are already pro- Gentlemen, I thank you for
viding with respect to the individ- the privilege of talking with you
ual soldier by comparable advances this morning, and for allowing me
in unit training, uni performance to communicate to you some of my
assessment, unit motivation and philosophy of wat the future holds
leadership. for the Army. lou people have the

capacity and the capability to as-
SUMMARY sist the Army materially in the

years ahead as it changes in compos-
In summary, I must emphasize ition. There are a number of un-

the importance for Army R&D affect- knowns, in terms of the skill levels
ing human factors in connand and quantities and qualities of a future
control of the principles that: all-volunteer Army. You can assist

the country and the U.S. Army in a
a. In an Army of decreasing very great way if you devote your

size, and perhaps all volunteer, efforts wholeheartedly and realist-
quality becomes increasingly im- ically to the future problems as
portant. well as today's problems.

b The substitution of mat- Now, if there are any questions
eriel for men can realize apprec- any of you would lika to ask me,
iable manpower savings, but, it is I'll be glad to try to answer them.
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1E. COMPUTER-BASED COMMAND AND
CONTROL INFORMATION SYSTEMS

Wilson R. Reed, Brigadier General
FCommanding General

U.S. Army Computer Systems Command
Fort Belvoir. Virginia 22060

It is a real pleasure for me to which will frequently be misinter-
be here this morning, to tell you preted and often ignored, to

about my business, a business in accomplish a purvose about which
which we are developing new con- many of the personnel are not en-
cepts every week, new policies thusiastic".
every day, and new procedures
every hour. Other things being equal, the

commande r or manager with the
First, let me put this whole greatest amount of accurate infor-

business into some sort of per- mation at his command has the
spective for you. greatest competitive edge over his

rivals -- be they friendly or
Coiaaanders base their decisions eneuy.

on information such as personnel
statistics, POL stocknge, mainte- An automatic data processing
hance statistics, ammuaition system is comprised of four major
levels, combat infr.ation, and components: Management; People;
FP on. Software; and Hardware. Obviously,

the human is the major factor in
Information through the ages has the system. Since management is

been all but completely :acking. human, humans develop the software,
At best it has been expensive, and humans operate and maintain the
laLe, and quite unreliable. Most hardware. But so the human has al-
people in responsible positions ways been key in our command and
today. whether in government, in control systems.
hospitals, in research laboratories
or in business, spend most of their
time ucratching to get a little On the battlefield mobility and
incorrect and unreliable informa- frequent movement are literally a

tion on what happened yeqterday. way of life; communications are
seldom ideal; the weather is

An old friend of mine, General either overhead or underfoot. None
Bill Reeder has said, "The art of of these conditions apply to the
command consists of issuing orders usual computer installation with
based on inaccurate, incomplete and its tile floor, filtered air-
archaic data, to meet a situation conditioning and AT&T communica-
which is dimly understood, and tions. While data processing in
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the field is similar to general "Hundreds of years were required
purpose data processing for busi- to achieve the mobility of the
ness and scientific applications, Armored Division. A little over
there are two added dimensions of two decades later we had the
great significance. Airmobile Division. With coopera-

tive effort, no more than 10 years
First, the equipment must be should separate us from the auto-

rugged enough to withstand the mated battlefield".

rigorL of a battlefield environ-
ment; mobility over rugged terrain, Now, with that as the goal for
and exposure to extremes of temper- 1980, where are we starting from in
ature and humidity (as well as sand 1970?
and dust) require equipment more
complex mechanically than commer- Well, on the one hand, the Army
cial computers, although they may currently has available to it for
otherwise be the same. Second, use on the battlefield something
the equipment must be usaable by in excess of 250 types of sensors.
soldiers who are primarily fighting These range from the small seismic
men, not full-time computer tech- detector, through radar and infra-
nologists. red sensors, to satellites of

various types, each with its data

So much for the physical demands link to cur commaod and control
which the tactical environment centers. As Leonard Sullivan, the

places on the equipment. Now, bear Deputy Director of Defense Research
in mind, we don't want this expen- & Engineering for Southeast Asia

sive and vulnerable gear up front Matters, has said, "One can now
unless it pulls its weight. So, perceive an evolxing capability to

just what do we envision in the locate znd track in real time, any-
future tactical situation that thing thaL moves, perspires,
makes battlefield data automation broadcasts, makes a noise, shakas
necessary? the ground, runs an engine, shoots

a weapon, or is hotter or colder
than its surroundings."

General Westmoreland highlighted On the othir hand, the Army cur-
the goal for the 70's in his rently has available to it for use
speech to the AUSA annual luncheon on the battlefield billions of
just one year ago: dollars worth of reaction means,

ranging from infantry and irmor,
through artillery ani rockets, to

"In summary, I see an Army built aircraft and missile., of every
into and around an integrated area description, each with its communi-
control system that exploits the cations net to our command and
advanced technology of communica- control centers.
tion, sensors, fire direction, and
the required automatic data pro- And what is in our command and
cessing -- a system that is sensi- control centers?
tive to the dynamics of the ever-
changing battlefield -- a tystem A handful of harassed, fatigued,
that materially assists !: ' tPtl forgetful but dedicated men; work-
cal commander in making 9- 2; ing with grease pencil and acetate,
timely decisions.., message form and lead pencil, field
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desk and telephone; trying to turn which packaged these requirements
information into intelligence and in three logical subsystems con-
produce order from chaos. A number forming to the organization and
of our studies indicate that about communications of the Army in the
1/3 of the battlefield information field.
that is sensed reaches the tactical
operations center; the tactical So now let us take a look at the
operations center is able to basic systems which make up the
assimilate for use about 1/2 of the Army's tactical ADP family:
information received; thus the The Tactical Fire Direction System,

commander ends up basing his deci- "TACFIRE", for control of support-
sions on something less than 15% of ing artillery fires; the Tactical
ground truth, a sorry situation. Operations System, "TOS", for

intelligence activities and control
So now we have a defined goal and of the maneuver elements; and the

a starting point, and the question Combat Service Support System,
remains, 'ow do we get from our "CS3", for control of the logisti-
current situation to General cal and administrative support of
Westmoreland's goal in the seven- the Army in the field.
ties?" The Army's answer, of course,
is by automation of selected All of our tactical systems
battlefield functions through PRO- utilize digital computers. Perhaps
JECT ADSAF. there is some historical signifi-

cance in the fact that the first
When the computer is applied to a message to an American Army in the

tactical force, it does not act field was digital. A simple code
simply to add an incremental devised oy a patriotic silver-
improvement to a part of the force: smith, "One if by land and two if
Rather, it acts as a multiplier, by sea".
increasing the effectiveness of the
entire force two -- five - ten Today that message wouldn't tell
times. And it provides additional a field commander nearly enough.
options for design of the function- He wants to know: How many? What
al system. I am persuaded that is direction? Their weapons? Vehicles?
both "cost effective" and "combat
effective". So now let me describe TACFIRE

and TOS, the two systems which will
Since the potential for useful provide combat information to the

app.-cations of data automation on commander, 6nd do much more.
the b&ttlefield is enormous, the

Army has ,aiderway a major effort TACFIRE is a completely inte-
to accele'rte the process of grated system of computers
putting these, machines on wheels located at battalion, division 4

and designilg them to survive in a artillery and corps artillery,
tactical eivironment, within the Army in the field after

1971. This system will provide for
We sta.rted some years agc with receipt, storage, processing, dis-

a stated requirement for just play, retrieval and control of

over 1,000 functional applications fcr artillery information on targets,
ADP fir the Army in the field. survey and metro. In addition,
Perhaps the prime achievement of my and most important, it will gener-
commsud in this area has been ate and disseminate ordeis,
development of the ADSAF concept information and intelligence
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essential for the conduct of field circuits. But because it is digi-

artillery fire support. tal in nature, it contains error
correction data and requires far

Here are the objectives of the less time to send.

TACFIRE system. (Chart 1) In

achieving them we expect to just The message is received at the

about double our artillery effect- battalion fire direction center and

iveness. enters the TACFIRE computer. The

computer displays the message, in

The computers at battalion and this case a request for fire, on

division artillery will perform TACFIRE'S artillery control con-

these functions: (Chart 2) sole.

I should like to show you how Simultaneously, the computer

TACFIRE will operate in the locates the target coordinates on

execution of a typical artillery the digttal plotter map and enters

mission -- engaging a battalion a symbol at the exact point on the

target of opportunity. map to identify the target. At the
same time a hard copy printout is

At a battalion fire direction displayed on the TACFIRE printer,

center equipped with TACFIRE, the for record purposes. Both a gun-

battalion commander and the opera- nery officer fire order and battery

tions officer can review the fire commands are automatically

tactical situation in their sector developed, and they may include a

of responsibility, on a computer recommendation as to which of his

driven digital plotter map. batteries is best positioned and
best equipped to execute the fire.

Meanwhile, all along the front,
artillery forward observers are The fire order is now displayed

operating, each equipped with a on the artillery control console

TACFIRE message entry device and a for the gunnery officer to examine.

radio or wire link back to the fire Elapsed time from the pressing of

direction center, which in turn is the transmit button by the forward

in communication with the firing observer to the display of the fire
batteries. Many forward observers order on the artillery control con-

can, of course, report in to each sole is less than 7 seconds.
fire direction center. Satisfied that they are the proper

responses to the situation, the

When one of our forward observers gunnery officer, not the computer,

sights a target, he fixes its makes the decision to fire.

location using well-proven conven-
tional techniques. But now, with
the help of his message entry He orders transmission of the
device, he uses a relatively new fire commands to the battery desig-
method of getting the word back. nated, where they are displayed

visually, to reduce the chance of
On the keyboard of the message error. Firing commences. First

entry device, he sets up a message round accuracy is likely to be im-
in a fixed format, checks and proved by use of the computer-
verifies his dial settings, and calculated firing orders. But
pushes a button to transmit the after the first round the complete
information. The message is trans- TACFIRE cycle can rapidly be re-
mitted over conventional voice peated with the forward observer
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calling for adjustments if neces- So here are the objectives o.
sary. TOS. (Chart 3)

The forward observer now calls We are performing extensive test-
for "Fire For Effect". In response ing on an experimental TOS system
to this message the battalion com- using an interim, transportable,
puter brings in all fire units "ruggedized", commercial system.
designated to fire, then automati-
cally composes and forwards a Here are the five functional
message to the division artillery areas we have tested so far in
fire direction center, updating the field exercises in U.S. Army,
records on artillery targets. Europe. (Chart 4)

Finally, the forward observer, And here are the first 18 areas
observing the results, uses his we plan to develop. (Chart 5)
message entry device to report on
the successful completion of the Concurrently, a study effort is
mission. From the firing batteries underway to identify additional
information is entered on ammuni- user areas for automation for Army-
tion consumed, and status files at wide TOS. At the present, it looks
the battalion and division as though we could end up with a
artillery computers are updated total of 30-35 functional areas on
accordingly, assuring the commander TOS.
of accurate status reports when
next he needs them. Our experimental TOS consists of

a Central Computing Center (CCC) in
Of the three ADSAF systems, TAC- a four-van configuration, with five

FIRE is the most advanced and is magnetic tape units and the usual
expected to ease the way consider- printer, card reader and card punch.
ably for the other systems. It can be located anywhere that

provides access to the communica-
The second major system of ADSAF tions system, most likely at the

is the Tactical Operations System signal center nearest the echelon
(TOS). The system is being de- which it supports. Thus, this
signed as an on-line, near real- group of vehicles would not be
time, militarized ADP system to be added to the congestion in a com-
fielded at division, corps, and mand post.
army levels within the Army in the
field about 1977. This system
will, to the maximum extent, use The CCC is fed by four smaller,
equipment identical to that pro- remotely located shelter-mounted
cured for TACFIRE. The ultimate "Remote Station Data Terminals"
Army TOS will provide tactical (RSDT), each composed of a computer,
commanders with an automated infor- typewriter, controller, and COMSEC
mation gathering, processing, and equipment. These are the local in-
dissemination system. It will pro- formation processing points for
vide timely and accurate handling data. The RSDT stores the messages
and processing of the large volume as they are prepared for trans-
of intelligence, operations, and mission, or when received, encrypts
fire support coordination data and decrypts the data, and acts as
flowing into the tactical opera- a multiplexer so that all eight
tions center for use in making users can share one communication
tactical decisions, line to the CCC.
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Information is put into and re- amount of information which is

ceived from each RSDT by eight potentially available from an ADP

User Input/Output Devices (UIOD) system. To begin with, information
located with the users of the requirements must be determined and
system. The UIOD, connected to explicitly stated in language
the RSDT by a 300 foot cable, con- understood by both computer tech-

sists of two desk-type devices -- a nicians and operational users.
typewriter station which will be Since we have great difficulty in

used mainly for receipt of messages, getting the user to say what he
and an entry and display station wants, it may be that we have been

used for input of messages. The asking the users the wrong question.
user will usually be located within Instead of asking what information
the tactical operations centers at is wanted, perhaps we should ask
army, corps and division level. "What is your job? -- What do you
One of the objectives of the experi- do?" Then we, the information ex-
mental TOS is to determine the perts, could provide the informa-
optimum locations of the UIOD's tion needed. Thus, instead of

within the tactical operations cen- simply using the computer for data
ter. retrieval for manual decision mak-

ing, we might be able to produce
In operation, essential informa- much of the solution, leaving only

tion is entered onto the screen of the truly exceptional for human
the video display (UIOD), where it decision. Achievement of this
is visually verified and then advance will require the participa-
transmitted to the RSDT. These tion of the human factors community.
computers forward the information

to the higher level CCC where the Closely related to information
information updates the master data requirements are system perfor-
base. The information can then be mance objectives. As with any
retrieved by any user of the system other type of system, we must be
at any echelon, able to make performance measure-

ments of an automated system in
One important manner of data re- terms of operational parameters as

trieval in the system is the well as technical parameters. I'm

Standing Request for Information reminded of the airline reservation
(SRI). The user prestates his system that almost failed because
requirements for information, and it wasn't trusted. The confirma-

when that type of information is tion of a request for a seat came
received, the CCC automatically back to the clerk so fast that
forwards it to the user. they wouldn't trust it without a

few repeats, which quickly pro-
Now, where does human factors duced a system overload. It was

technology fit into the develop- probably a human factors man that

ment of computer based command and solved the problem by programming
control systems? The Computer a 19 second delay into every reply.
Systems Command, as a systems
developer, is a consumer, rather Human factors technology is al-
than a developer of human factors ready being applied to some of
technology. Human factors special- these specific problems. BESRL

ists participate in a dual role in lived with TOS on-site in Europe
our system development process. In for 2-1/2 years of its stay there.
the first role, they seek to maxi- On-site participation on a daily
mize the upefulness of the massive basis provided human factors in-
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fluence in both hardware and TACFIKE system attacks the problem

software design. However, because through its design. First echelon
of the operational environment in hardware troubleshooting uses

Europe, the TOS effort was automatic fault isolation at the
necessarily observation and de- modular level, and direct replace-
sign analysis rather than research ment of the faulty module. Most
and experimentation. In order to failures are repairable in minutes
bridge this gap, BESRL developed by the operational personnel.

a CONUS facility for system simula- This, when combined with high sys-
tion. During the BESRL session tem reliability, minimizes the
this afternoon, Mr. James Baker basic hardware maititenance problem.
will describe some of the specific Cn Thursday, Dr. Hertzka of Litton
results of his efforts on TOS in Industries will describe the ex-

Europe. And then Mr. Richard Krumm tensive involvement of human
will describe some of the on-going factors specialists in the design
simulation work. of TACFIRE.

The second human factors role is In summary, we at the Computer

to seek to reduce the maintenance Systems Command have recognized
and operational burdens of these the importance of introducing a

complex systems on the military human factors influence early in
personnel who must use them in the the development cycle. We intend

adverse environment of a tactical to keep it there throughout the
situation. So it involves the cycle. We appreciate your support
care and feeding of a computer in in the past and will seek it for
the tactical environment. The the future.
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CHAPTER 2
FROM DATA TO DECISION: HUMAN FACTORS
AND INTERFACES IN COMMAND DECISIONS

Chairman: Robert S. Andrews
U.S. Army Behavior and Systems Research Laboratory

Arlington, Virginia 22209

2A. ACORNS IN FLOWERPOTS/PSYCHOLOGISTS
IN THE FIELD

James D. Baker
U.S. Army Behavior and Systems Research Laboratory

Arlington, Virginia 22209

INTRODUCTION

Typically, human factors re- "The scarcest quantity
search in military systems is con- in the United States at the
cerned with determining the effects present time are professionals

of different variables operating who operate at the interface
*upon a system on the speed and ac- between research and applica-

curacy of human's processing infor- tions. The university system,
mation within that system. For preoccupied as it is with in-
example, input load may be varied trinsically motivated basic
while a man retrieves data from some research, is not yet producing
analog of a storaige point in the the kind of hybrid individual
system (as in display research), or required for these kindF of
processes data (e.g., in transform engineering tasks. Only con-
studies), or inputs data (e.g., in tinued pressure from Government
keyboard studies). Meanwhile, the and industry for applications
human factors researcher is measur- from psychological research is
ing how long it took the man to do likely to change this situation.
this and how many errors he made in The 'translator' or 'learning
the process. The results of the engineer', or whatever we may
study are documented and the find- choose to call him, requires
ings are sent to actual and poten- training both as an expert ob-

" tial users so that these findings ser,er of real-world problems
can be related, in some philosophic and as an experimental psychol-
or logical way, toward satisfying ogist. He must understand two
needs of that individual or organi- worlds at once--a technical sub-
zation. The degree of success in ject matter area related to
implementing research findings this some equipmenL development--and
way is a moot point, the methodology and technical

=language of the basic research-
Mackie (1) suggests that the er, but he must be capable of

linkage between laboratory research recognizing its implications
in human behavior and applied re- and limitations."
search and development is weak and
proposes a reason why. 1L his words:
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Can one, in actuality, achieve To pro.ide for the melding of
this ideal state proposed by Mackie? (ff,,rt to ',upport both BESRL re-
We at Cie Behavior and Systems P.e- s.'arch arJ human performance evalu-
search Laboratory (BESRL) think the atnin in the TOS (2), BESRL estab-
answeT is yes. In fact, the BESRL l:'shed a Command Systems Field
COMHAiD SYSTEMS program achieved Branch in September 1967 which was
something approaching this ideal collocated with the TOS Development
,itate. The purpose of this paper Gioup. The Field Branch remained in
is tj sketcn in broadly how this Europe throughout the life-span of
was accomplished, to descrile some the Seventh Army version of the TOS
of the resultant products, and t. Del,.elopment. lhe Field Branch was
touch upon the suc-essas and fai'- headed by myself, with boug'as J.
ures encountered. ,Mace ard Dr. James M. McKendry, both

of H&E-Singer, Inc., -omprising the
BRIEF DESCRIPTION OT THE SETTING remaining scientific members of the

team. ±k'zr basic Fiel.d Branch
The COMMAND SYCTEMS Program of activities, ui taqks, were estab-

BESRL is concerned with imprcving lished. First, naka inputs to the
the effectiveness of ;omland tnfor- sy;tcm deveiopmenc decisions and
matlon processing systes through approaches throi'gh application of
the most efficient use of human expertise in human periormance.
abilities. In studies conducted Second, review and contzibute to
unaer the Work Unit, specific as- test plans and other evaluative
pects of information processing efforts from the aspect of human
systems are examined with respect performance capabilities. Third,
to requirements for the handling field validate major BSRL labora-
and presentation of information to tory research finding- and results
human users of the system. These in an operational setting. Fourth,
studies seek to improve the quality, develop in the operational setting
speed, and completeness of informa- research questions which could be
tion processing, Information assimi- used to update and further orient
lation, and decision making, the latoratory reaearch toward field

problen' in cozmsnd and control.
Coincidental with BESRL re-

search interests, the Computer Sys- DESCRIPTION OF TOS
tens Command, Headquarters U.S.
Army Europe and Seventh Army, ini- To insure that we are all oper-
tiated plans for the design verifi- ating from the same "data base," it
cation of an automated tactical may be beneficial at this point to
operations system (TOS) planned for describe the particular TOS config-
Incorpotation in the Automatic Data uration within which this research
System.s within the Army in the Field was conducted.1 The Seventh Army
(ADSAF). This program was aimed at Tactical Uperations System (TOS) was
verifying the efficacy of the design an automated, secure information
of a field system conceptually rep- processing systen designed to assist
resentative of the operations and military commanders and their staffs
intelligence aspects of the ADSAF 1

master plan. To design and test IA large portion of what follows in
such a system, the TOS Development this section was taken from brief-
Group was formed and assigned the Ing materials prepared by the TOS
task of developing a field version Development Group for orientation
of the OS for ADSAF. training of Seventh Army users.
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at Field Army, Corps, and Division brief description of the equipment
levels in the conduct of tactical functions is presented in Figure 1.
operations. The TOS provided a The Seventh Army units it serviced
central repobitory of information are shown in Figure 2. The major
into which remote users could enter point of focus for our effort was
data, update the data as required, on the actual user interface, the
have the data processed, and, as an UIOD, with somewhat less attention
end result, be provided with up-to- given to the controller interfaces
date dynamic information which could at the RSDTs and CCC.
be used by commanders concerned as
a basis for tactical decisions. The users communicated with the

system via the UIOD which consisted
The Seventh Army TOS was geared of a desktop display unit and a

to handle five functional areas -- typewriter printer. The display
friendly unit; enemy situation; unit, with its keyboard and TV-like
nuclear fire -uppoit; effects of screen, were used primarily to com-
enemy nuclear strikes, and enemy pose and transmit messages, whereas
order of battle. The friendly unit the typewriter was used for print-
area provided basic information ing messages and other data coming
concerning significant changes in from the computer. Input messages
organization, dispoaition, activi- first were composed on selected
ties and status of co.mbat and combat message worksheets, and then were
support units of an Army in the transcribed via the input keyboard,
field. The enemy situation area to similarly selected formats which
provided basic information pertain- were displayed on the display unit
ing to the identification, dctscrip- screen. The message input into the
tion, location, activities and capa- device was displayed on the screen;
.ilities of the enemy force. The verified for correctness, and then
nuclear fire support area was con- entered into the system by means of
cerned with the cycle of nuclear a "send" key on the keyboard. Out-
fire support activities from the put messages to the user were routed
receipt of a target nomination to the UIOD and printed automati-
through the consolidation of post cally on the typewriter.
strike results and required ruclear
fire scenarios. The effects of TOS users were concerned prin-
enemy nuclear strikes area provided cipally with two types of messages:
basic information concerning the operational messages and relay mes-
potential and actual effects of sages. Operational messages were
enemy nuclear burst. The enemy used for entering and retrieving
order of battle area consisted of tactical information from the TOS
evaluated information regarding com- data base. The operational mes-
position, deployment, strength, sages constitutes the major portion
training, tactics, logistics, and of the TOS data volume. Relay mes-
combat effectiveness with respect to sages were free-text messages gen-

enemy military forces. erated by one user for transmission
to one or more other users and this

In this setting there were type of message did not affect the
three basic types of data processing data base.
equipment: User Input/Output De-
vices (UIOD), Remote Station Data Operational messages consisted
Terminals (RSDT), and a Central of four basic types: data messages,
Computing Center (CCC). The general query messages, special process
configuration for the TOS and a requests, and standing requests for
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a. The User Input/Output Device (UTOD) is the device which enables a num-
ber of remotely located military users to comunicate with the system and
to interchange information with each otter.
b. The Remote Station Data Terminal (RSDT) is an intermediate message
processor/transmitter between the UIODs and a central computing facility.
The RSDT, which includes a computer, computer peripheral equipment and
secure communication equipment is contained in shelters mounted on two
2-1/2-ton trucks. Each RSDT will service one major unit at Field Army,
Corps, or Division level.
c. The Central Computing Center (CCC) stores the TOS data base, processes
all incoming messages transmitted by the RSDTs, performs TOS computations
and transmits output messages to the RSDTs. One 40-foot van and three 35-
foot vans house the CCC, which includes the computer, computer peripheral
equipment, secure communications equipment and power distribution.
d. TOS utilizes existing Seventh Army tactical communications.

Figure 1. Configuration for first increment of transportable
hardware for the Seventh Army TOS

4 UlON

6Vl~l 40 DT

Figure 2. Designated Seventh
Army users for the

~first increment of

.J ISbT transportable TOSUF, sha



information. Data messages allowed ously, attempting to apply BESRL's
the user to enter data into the laboratory findings in an opera-
system, and to add, dhange or delete tional setting. A common research
information already stored in the paradigm would insure that even with
data base. Query messages initial- an ocean separating us, all of the
ized a search of the data base to people involved in the COMMAND
supply the specific information SYSTEMS work unit would be operating
requested. The user could request within the same framework and that
certain special calculations or we would all be communicating about
summarization of a particular type the same thing.
of information in the data base by
submitting a special process In laying out the COMMAND
request (SPR). The standing request SYSTEMS research program (3), it was
for information (SRI) message per- .peculated that at least five crit-
mitted the user to establish the ical human performance areas requir-
capability for automatic dissemina- ing experimental attention would
tion of selected TOS output data to accompany the advent of the TOS.
his UIOD station and/or to other To quote from the program documen-
designated stations, e.g., the G2 tation (p. 2):
could establish an SRI which would
autcmatically output data concern- "An automated TOS will
ing enemy armor whenever such data receive vast amounts of infor-
were input by other users of the mation of many and varied
system. sources. The information will

vary widely in content, form,
This, in essence, was the on- and degree of completeness...

line, near real-time automated data The raw data will require a
processing system, TOS, which served great deal of handling and
as the vehicle for the human factors processing by man and equip-
research which subsequently will be ment... Looking at the system
described, as a whole, there appear to be

five critical operations that
THE RESEARCH FRAMEWORK man and equipment will have to

perform: Screen incoming data
Given an organizational setting for pertinence, credibility,

within which to conduct field re- impact, priority, and routine;

search, and given a developmental Transform the raw data for
system to serve as a research vehi- input storage devices; Input
cle, one more ingredient was re- the transformed data into stor-
quired before we could successfully age devices for subsequent com-
bridge the gap between the real- putation and display; Assimi-
world, and the laboratory, namely, late data displayed, and Decide
a common research paradigm. As on courses of action based on
noted earlier, while a portion of information displayed and in-
our activities were directed toward formation from other sources."
direct support of on-the-spot eval-
uation of human performance in a The flow of these operations is
TOS setting, part of the team's diagrammed in Figure 3 and this
effort also was focused toward the framework served as the common
enrichment of the BESRL in-house referent for the COMMAND SYSTEM's
program by introducing operationally work which was being done in BESRL's
oriented concepts and approaches to laboratory in Washington, D. C., as
research problems while, simultane- well as our own efforts in Europe.
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It will now serve as the background retrieved via formats. If the
for the following descriptions of appropriate format and/or entries
representative studies conducted in were not selected, the information
the operational environment, would usually be rejected by the

system, thereby introducing delays
SOME REPRESENTATIVE STUDIES in updating the data base. In some

instances, however, the information
In an automated information could be introduced into the system

system such as TOS large numbers of using an inappropriate format; in
messages of varied content and from which case the information was to
diverse sources are received. These all intents and purposes irretriev-
incoming messages must first be able since it would not be in the
screened for system relevance, correct data base location.
Irrelevant information must not be
allowed to enter the system. But In contrast to the screening
the problem of screening was given problem area, the transform problem
limited attention by us in the field area proved to be a ripe candidate
setting. One reason for bypassing for research in the field setting.
this problem area was that field For example, in one study (4), a
exercise observations did not yield job-aid was developed in at, attempt
good information about screening. to assist action officers who had
The scenarios used in most command to decide which format was appropri-
post and field training exercises ate for each incoming message.
employ only relevant messages. Fourteen subjects processed 47 mes-
Ambiguous data, purposefully deceiv- sages. The main concern was the
ing data, and data without histor- method of format selection: half
ical continuity are rarely included, the subjects used the job-aid while
The rationale given is that the the other half used a "menu" type
tiaining problem in field exercises listing of available formats. The
is difficult enough without adding job-aid developed was ineffective
this confusion factor. There are in improving the accuracy of format
other reasons, not to be delineated selection. The more important
here, for directing our efforts in finding, however, was that incorrect
the field away from this area, but formats were selected 22% of the
all things considered it appeared time, with and without the aid.
to us that research addressed to the Thus, the transform operation rep-
screening problem could better be resented a definite bottleneck in
conducted in a laboratory setting. the system; during periods of heavy

message traffic information could
The process of transforming queue for a considerable length of

information for input into TOS, of time before being entered into
required taking typically uncon- the system. Further research was
strained free-English text that undertaken, and is continuing, to
characterizes a manual system mes- develop effective ways to reduce
sage and converting it to equivalent human error in the transform area,
symbolic notation, entered in ape- since the transform process is
cific format fields (particular essentially a new experience for TOC
alpha-numeric character locations) personnel and problems associated
for the particular class of informa- with the process will arise every
tion in the computer's data base time we introduce automatic data
that was to be acted upon. All processing techniques into what are
information contained in the TOS now manual operations.
data base had to be entered and
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Once the information was represented a considerable improve-
recorded on the appropriate format, ment in the existing state of
it was entered into the TOS. The affairs.
input device, as noted earlier, was
a display unit with a keyboard and in the Seventh Army TOS, the
TV-like screen. The input keyboard, principal computer-driven equipment
cathode ray tube (CRT) display and employed was the CRT with keyboard
the typewriter output that consti- input and typewriter output. No
tuted this station were "given" in computer generated displays of the
the Seventh Army TOS and, therefore, vector drawing or big-board, group
not amenable to modification for shared variety were employed. The
field experimentation. We did find, reasons for not undertaking the task
however, that insufficient planning of providing such a display capabil-
had been done in the initial system ity in the early stages of fielding
design with regard to optimizing the a TOS have been adequately presented
man-machine interface workspace lay- elsewhere (6), but our observations
out. For example, when the UIOD's in the field (7) suggest that the
were delivered they came in sturdy, largest amount of human information
metal packing cases for use in trans- processing time in a field army
porting them in a field environment, operation is spent continuously
In very short order the rumbles updating the situation map displays
began to trickle-in from the people within a tactical operations center
who were operating this equipment. (TOC). In the hope of alleviating
If one tried to use them on an "as the situation, a study was under-
is" basis (Figure 4), the results taken--commensurate with our char-
were disastrous. Employing avail- ter to "field validate some of the
able props hardly solved the problem, major laboratory research findings
".g., in Figure 5 we see a valiant and results in an operational set-
attempt to ACK (i.e., acknowledge ting"--to examine the implications
receipt of) an incoming message on of the COMMAND SYSTEMS in-house
the typewriter using the UIOD in research for displays in an actual,
one of the initial configurations, tactical information processing
In keeping with our previously men- setting.
tioned charter to "make inputs to
the system development decisions Some of the. early BESRL in-
and approaches through application house display and information assi-
of expertise in human performance," milation research had been under-
we prepared a detailed technical taken with the realization that the
memorandum (5) which delineated then current and planned automated
relevant human factors principles, devices transmitted mainly alpha-
translated these principles into numeric information. Therefore,
well defined recommendations for on- the question was asked: To what
the-spot implementation, and sub- extent would information assimila-
mitted our recommendations to the tion be degraded by the translation
developer of the system. Further of map symbols and other informa-
interaction between ourselves and tion to alpha-numeric equivalents?
several "midnight requisition ex- If the degradation was negligible,
perts" from the TOS Development then much of the information dis-
Group resulted in the alternative played symbolically on maps could
Interface configurations depicted be handled alpha-numerically by the
in Figure 6. It was not the ulti- computer. The results from two
mate solution to the problem, but different studies (8), (9) indicated
even this "quick and dirty" solution no difference in decision perform-
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Figure 6. Interim solution to User Input/Output Device
(UIOD) workspace layout. This picture shows
two possible configurations. On the left is
a stacked configuration. Staking was con-

sidered for space-saving reasons. ACK could

be located next to the CRT keyboard. On the

right is a side-by-side layout. The latter
configuration was the one generally chosen by

the user.
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ance between alpha-numeric and graph- The decision process, like the
ic presentation of data. These screening process, is difficult to
results suggested that much of the study in an operational setting.
information being posted manually on The human factors researcher is
maps in symbolic form could be rarely in a position to specify com-
stored in the computer, making pos- pletely all of the conditions for
sible the automatic updating of experimentation in a field exercise.
enemy and friendly unit identifica- Further, a field exercise is usually
tion and locations. A study was serving some other function while
undertaken, therefore, to determine the experimentation is taking place.
if the implications from the in- For example, an exercise quite often
house research were valid in an is a dual-knowledge/training evalu-
actual tactical information process- ation at the same time that it is
ing setting (10). One of the con- being used as a vehicle for system
clusions drawn from that study was evaluation. Consequently, the com-
that the potential of TOTE-type dis- mander and his staff are reticent
plays 2 for facilitating information about having a research team intrude
display and assimilation appeared into what Krumm (11) calls the
substantial, especially since TOTES "private experience of decision
could be generated by the existing making." Hence, we concluded very
automatic data processing systems early that much of command and staff
immediately, while awaiting the level decision-making behavior is
appearance of computer generated better studied in something like
big-board displays. It was sug- BESRL's simulated tactical opera-
gested that proper use of such TOTES tions system (SIMTOS)--which, inci-
could reduce reliance on situation dentally also happens to be a less
maps and save the time of staff threatening, non-OER related set-
officers who prepare summary reports. ting (12), (13).

2The term TOTE, as used here, orig- This is not to say that we did

inated in the early design days of

computer-based command and control setting which dealt with the deci-

systems. At that time, it was rea- sion process. A series of studies

lized that basically two types of was undertaken which was concerned

computer-generated displays were with discovering how decision making

evolving: 1) the graphic vector- ability could be enhanced or aided
drawn display of the situation mp by tools available within the deci-
drawdie ay o the tuat maph- sion environmetnt (14). Attentionvariety, and 2) the tabular alpha- was devoted to devloping aids for
numericthe evaluation of G2 spot reports.
called a TOTE because it resembled
the tote board at race tracks on
which number and amount of bets and The standard NATO schema used
other data are displayed. In a com-

each spot report contain two complexmand and control context, a TOTE r t n s n a c r c a i g oshows the totals, averages, and/or ratings, an accuracy rating on a
summaries of measuremenes in the six-point numeric scale and a relia-
form of tables, bility rating on a six-point alpha-

betic scale. Our first research

effort was concentrated on job-aids.
Two job-aids were developed, one
following the Field Manual text, the
other incorporating suggestions
from the faculty at the G2 Intelli-
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gence School located in Oberammer- have made some progress toward the
gau, Germany. The job-aids were goal (3, p.20) of structuring the
variants of a decision process flow computer as an aid to the user in
chart consisting of a series of yes- information assimilation and deci-
no questions leading to the appro- sion making, since a number of
priate evaluations. When the models currently exist for effi-
results of job-aided groups were ciently manipulating subjective
compared with results of control probabilities. These models could
groups using no job-aids, no differ- then be embedded in the computer
ences were found either in speed or and called up as tools when needed.
accuracy of evaluations. This find-
ing, coupled with conversation with The studies described so far
school faculty and data from stu- by no means exhaust the effort
dent questionnaires, led to the fol- undertaken in the field to support
lowing conclusion: A job-aid is each of the functional areas in our
not the solution to the G2's evalua- research paradigm, but, rather,
tion problems; he does not have time these particular studies are pre-
for such a rating schema even when sented as being representative of
the necessary decision process is the sort of thing that a human fac-
flow charted for him. tors researcher can do in the field.

It should be commented also that
However, the above conclusion some of our efforts cannot be as

does not imply that an underlying neatly pidgeonholed in our research
evaluation process does not operate. framework as those just noted. Such
A second study 3 demonstrated a defi- efforts encompassed more than one,
nite utility of spot reports. or in some cases all, of these func-
Intelligence school students were tional areas. For example, our ini-
asked to select from among 16 spot tial efforts to develop an apprrpri-
reports the most important set of ate human factors test and evalua-
four messages, followed by the sec- tion plan for TOS design verifica-
ond and third sets of four. The tion testing (15) eventually culmi-
results yielded significant agree- nated in the development of a gener-
ment among students. If students al model for quantifying human
do rank order spot reports according performance in various types of
to a perceived utility but do not information systems (16)--a concept
have time to use a job-aid, perhaps which encompasses all of the human
the evaluation process could be performance functional areas just
improved by changing the rating discussed.
schema itself. Consequently,
research is now under way in the SPECIFIC EXAMPLE OF HUMAN FACTORS
laboratory to determine the extent IMPACT ON THE TOTAL SYSTEM
to which G2 personnel can assign
subjective probabilities to the I would like now to take one
reliability of source and accuracy human factors problem we encoun-
of a report and whether these pro- tered in the field and discuss it
babilities correlate with the six- in detail. This study will serre
point scales currently used. If to illustrate how apparently subtle
this approach is successful, we will human factors problems can have

considerable impact on total system
3The reports from which these find- performance.

ings were culled, are in the final
stages of preparation for publica- In order to prepare the Seventh
tion. Army users for their part in the
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TOS design verification field test, insure balanced play among all par-
a vehicle for familiarizing and ticipants. But, while so doing,
training the user was needed. The care also was taken to insure that
solution for fulfilling this need the message insertion rate did not
was logical and straightforward: exceed the system's capacity to
collect the messages and the scen- handle them. Still, the system
ario from a prior Seventh Army field could not keep up with the load.
exercise and re-run it as an in-gar- What was going on?
rison training exercise using the
*fGS equipment. To this end, suffi- The answer was rooted in the
cient materials were extracted from fact that, in keeping with the cur-
a prior field army exercise to pro- rent trend in informatior systems,
vide a training session which could the TOS designers went out of their
be run twenty-four hours a day for way to allow the uscr to communicate
approximately five days. A master with the computer on-line and to
incident list was prepared which influence system operations. Pre-
included the typical entry time/date sently, the only way this can be
groups for inserting required mes- done efficiently is to develop a
sages into the exercise. This par- rigidly defined user/computer lang-
ticular master incident list dif- uage. As Nickerson (18) has noted:
fered from the usual list of this "No one has yet succeeded in devel-
type in one respect--associated with oping a translator program that will
each of the messages were recom- accept as input a program written
mended message formats for inserting in 'human language' if that term is
this data into the TOS. This latter taken to mean the language of every
segment of the master incident list day speech." Therefore such user/
was pre~ared for each of che TOS computer languages are, and within
functional areas by TOS Development the current state-of-the-art must
Group subject matter experts. be, most precise. They are intoler-

ant of errors. Errors, even if
When the user training exercise slight, usually result in the com-

(UTREX) was undertaken, there were
the usual bugs and snafus to iron 4The author would like to take this
out. But even discounting the opportunity-to acknowledge the role
delays encountered from the expected played in this study by COL Frank
hardware and software bugs, the rea- Romano. COL Romano was, at that
lizationdbegan to dawn on those time, th- UTREX Test Director (now
involved in the exercise that the Chief, Command Systems Support Di-
system was not keeping vip with the vision, Headquarters, U.S. Army
load. Granted, the Seventh Arm~y Europe). He first became aware of
TOS was not intended to oeerate as the acuteness of this problem;
a truly real-time system;9 however, tasked our human factors group to
it had been assumed all along thit delineate it, and then provided the
it would be capable of running in a data and help necessary to resolve
near real-time capacity. it.

5Real-time normally is defined as
Why was the system lagging the period during which it is pos-

behind? The TOS, even at that sible to influence or control a
stage of its development, was :on- physical operation. Real time
sidered capable of handling up to operation is a procedure in which
60 messages an hour. The TOS master information obtained from a physi-
incident list had been modified from cal process is processid to influ-
the original field exercise list to or control the physical process.
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puter's rejecting a message. Taking third--the plot points -,,ould ta 40.
this situation into account requires 105, awl 155. r-. .ectively. T%- is
defining the human factors realitips has been done ir .ig:re C -or 48
likely to be encountered in the var- hou--s of actual I'RE ,'ata and it
ioss -'rgdnizational and operational irmecliatei ; becomes kvident why the
envitormre.Ts and th, limiting system wai lag~v.-. behind during the
design co:iplexity accordingly. conduct of the trainin, exe:cise.
AcLoreirg to Ely (17)" ... .such a
process ... (was).. .intuitively ap- 0hn:.n th_ sit,.atioa was rea-
plied, for example, in designing the lized, the Xnitiai reaction was that
develcputental 1'0S in Seventh Army to the mo .st expeditious way to overcome
favor prc.-'ormatted repo;-ts and this lmrob3 w uld be to "stretch

queries b- user input-output sta- real time" by some factor. That is,
tions. It...(had) ... been presumed stretch eaci, hour of scenario play,
-in this case that Lo plan the use of by modifying the' time/date group
. mplex procedures needeA for a more insertion tireos, to where an hour of
sophitlcat'd a proach wculd not be scenario tir- was .-cturlly being
realisi-1c." played in 1 liour and 15 minutes

blocks (a factoi of .25). Figure 9
Tne answer to why the system shows this stretch factor would

was lagging behind was simply this: bring the UTREX "school solution"
the collaborative team of system and TOS format input ra.e into line vith
scenario developers assumed a one- the load handling limit. Theoreti-
to-one correlation between the mes- cally the exercise sh "ild have been
zages to be handled and the mesanges able to run in near r, -tine. In
to he fed into the computer. in actuality, this did not drove out,
real'ty, thig situatlcn did not becauce ,f ano.her human 'acLors
obtain. It took more messages to oversight.
oommin-Mcate man-to-machine than it
did zo communitate man-to-man In the In Figure 10, you see graphed
criginal exercise, that segment of the UTREX exfe cise

(designated UTREX B) which was actu-
Lvt me show you -he data that ally run in "stretched time." Be-

led to this reali t.ion. In Figure sides showing that the exercise was
7 yc.u -ee graphed the TOS format terminated after 25 hours--because
messa.es suggested ig the "school of some technical problems in
qolition" by the LOS Development stretching time in the data base, in
Group subject matter experts. A addition to which this approach
aimple "eyeball it" of these. data tended to bGre the user--the data
suggests that -he rate will be shcwn in Figure 10 explain why the
higher than tht then system limit of attempt to solve the system lag
60 messages per hour. These data problem thia way was not successful.

can be dealt with in a slightly dif- In the lower right hand corner of
ferent, a:d I think more meaningful Figure 10 you see that the actual
way, by graphing then as a cumula- user queried the system about 3%
tive ft-,cticn (Figure 8). That is, more than the school solution called
if tht- system ca x handle 60 messages for; likewise the actual users co.i-
the first hour, then 60 mere the municated with each oth through
second, etc.----the points plotted at the relay massage feature about 4%
each hour -.il be 60, 120, 180, etc. more often than the subject matter
cumulativey. Likewise, if the sys- experts thought they would. The net
tern is rea.1;y processing 40 the result was about A% (rounding error
first hour, 65 the aec.ond and 50 the differences) hig',er metosage trafftc,
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Figure 7. Fluctuations in the formatted "school
solution" for 48 hours of the UTREX
exercise
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Figure 8. Cumulative inputs, both theoretical limit
and the UTREX "school solution," for the
first 48 hours of the UTREX exercise
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even in stretched time, which once require more storage than the opera-
again pushed the load above the tional data. If one has signifi-
system handling capacity. Thus, the cantly underestimated the quantity
reason stretched time did not suc- of operational data to be handled
ceed was because it failed to take by failing to take into account the
into account a second facet of human human factors associated with the
behavior--the users' curiosity man-machine communication, and Lhe
about, and his tendency to use, new software approach has been one of
tools. emphasizing the organizational data,

the system can soon become swamped.
What was required, then, was The resolution of such a problem

some way of determining what the may necessitate acquiring more hard-
expected load of TOS format messages ware to store the additional data,
would be for a scenario constituted or it may take the form of radical
of normal, free-English text mes- renovation of the initial software
sages. As a result of extensive to take into account this unantici-
analyses, not to be discussed here, pated operating environment. Add to
we managed to develop a weighting this the failure to consider seri-
scale (Figure 11) which met the need. ously the fact that humans will use
For example, Figure 11 shows that if tools when they are provided and the
your scenario calls for four pure result is likely to be a system that
English messages to be handled by is choked-up anyway because all of
the G-3, then you know that it will the designer's "whistles-and-bells"
take ten message formats for the G-3 are being used at the same time.
to communicate this to the machine.
Intereitingly enough, the CBRE traf- Therefore, it behooves the sys-
fic was found to be on a one-to-one tem developer to get help as early
basis. Given that you have derived as possible by, for example, having
the true number of messages to be human factors people provide specif-
handled, you must still increase ic input for system design and tech-
this message volume by some factor nical advice concerning the Oualita-
(5-6%) to account for the users' tive Material Requirements (QMR) and
utilization of the tools (e.g., the Functional System Design Require-
query capability) which you have ments (FSDR). Human factors help
provided him. To provide closure should be sought on a continuing
for this salty tale, when the scen- basis throughout the research-devel-
ario was screened and culled accord- opment-production-distribution gamut.
ingly--plus some over the shoulder Otherwise, the system developer
caveats to the various users using should not be at all surprised when
the tools only when you need to--the the system is placed in the hands of
exercise (UTREX C) ran according to the users and the damned thing
exp=ztatiors. doesn't work the way he thought it

would.
There are several morals to be

drawn from this experience. Nicker- PROS AND CONS
son (18), for example, points out
that a key problem in any computer- The effort I have just des-
based infnrmatiin system is that of cribed is without precedent, for no
determining how the data base should U.S. Field Army has ever had a com-
be ozganized within the computer. puterized command and control system
He notes that with some types of plunked down in its midst and then
organization it is quite possible been run out into the field with it. j
for the organizational data to That is, no field army until the
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the manual system.
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Seventh Army TOS made its appearance. lated into comprehensive inputs for
It follows, then, that the U.S. Army his daily activities when he has on
has never had psychologists in the board a research oriented human
field during the evolutionary devel- factors person, who also understands
opment of a computerized command and his operations. The user also bene-
control system until we came onto fits by having in his midst a
the scene. What lessons can be trained professional, with a differ-
learned from our unique experience, ent perspective, who can see things
then, that may be of value for from a vantage point which is not
future developments, such as IBCS? colored by "doing things this way,

because we always did things this
In thinking about pros and cons way." The human factors researcher

of this endeavor many things come is not encumbered by operating tra-
tumbling to mind, but they are such dition,and, additionally, has the
a hodgepodge of person-l experiences skills and methods for "quick and
and general principles that they dirty" testing of alternatives for
need some sorting out. For example, immediate fixes to intolerable sit-
the temptation exists to mention the uations. The workspace layout prob-
real feeling of satisfaction that lem previously described is an
comes from sitting around in sweaty example of such an instance.
fatigues translating findings into
recommendations to the user and find- But the "quick and dirty" ap-
ing out that not only does he under- proach has the potential to blossom
stand what you are talking about--but into a disadvantage. One disadvant-
also that he heartily indorses them! age is that the psychologist working
One also could dwell on the seeming- in the field is often required to
ly shortsightedness and stubborness stretch standard scientific metho-
of some individuals or groups which dology to encompass the problems as
proved to be frustrating as hell at he finds them. He may be unable to
the time. But the latter is nothing define independent or dependent var-
new to any of us, and the former is iables, while holding all others
more of a personal experience than constant, as he would have done in
a general principle. However, some the laboratory. Consequently, his
insights did evolve that may benefit results, while adequate for that
future endeavors of this sort. special purpose, have only limited

power of generalization. Unfortu-
Among the advantages to this nately, this is not recognized by

approach is that it bridges the gap many people and you hear the state-
between the user and the laboratory ment that long range research is
in several ways that would please "behind the power curve." To this I
Mackie.6  The user can directly can only P-'--nonsense! The second
express and delineate the problems disadvantage arising from this
that he thinks are critical in his situation, is that the danger exists
day to day operations. The user that an adequate ex post facto solu-
also knows that the researcher to tion to one problem may be used as
whom he is presenting these problems an ad hoc requirement for other,
understands his operations and can similar system problems. The pre-
interpret his notions meaningfully viously described pre-formatted
into a research program. Likewise, approach to user/system communica-
the user can have the benefits of tion is a case in point. Another
laboratory findings directly trans- disadvantage is that the psychologist
6See the quote by Mackie in the in the field is constantly caught in

introduction to this paper. the crunch of management trying to
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seize him and use him as just one mate or only solution to the problem
more helping hand to do quick and of bridging the gap between psychol-
dirty studies. If this does occur, ogical research and human factors
the very people he is intended to applications. But while awaiting
help may then be deprived of the a better solution, I cannot blindly
full value of his professional trust that the system designer or
capabilities. system user will effectively imple-

ment human factors findings without
The pros and cons cited do not, some cooperative effort on my part.

by any means, exhaust the possibili- Since it is impossible to bring
ties inherent in having a human giant systems and their concomitant
factors team directly involved in problems directly into the labora-
system development in the field. tory (oaks in flower pots), I pro-
They are presented as being repre- pose for the time being, that the
sentative of the sort of tradeoffs best approach is one of bringing
one must consider in taking this realistic samples of problems from
approach. But one strong warning the field into the laboratory.
must be stated concerning this There they can germinate into fresh
approach: it will never replace and meaningful solutions (acorns in
long range research, nor was it ever flower pots) which eventually can be
intended that way! The two, on the replanted in the operational setting
spot assistance and longer range by psychologists in the field.
laboratory research, are not mutu-
ally exclusive but, rather, mutually REFERENCES
enhancing. No number of one-shot,
methodologically weak studies will 1. Mackie, R. Quoted In the re-
ever replace the predictive power of view of the proceedings of
the findings resulting from an inte- "Symposium on human factors for
grated, well controlled long range system effectiveness," Human
research program. Factors Society Bulletin, Vol.
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AND NOW A WORD ABOUT 
ACORNS

2. Baker, J. D. Human factors
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I am not proposing that the
field unit is necessarily the ulti-
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2B. HUMAN DECISION-MAKING BEHAVIOR
AS A PREDICTOR OF DECISION QUALITY

Richard L. Krumm
Universal Information Technologies, Inc.

McLean, Virginia 22101

INTRODUCTION conducted have assessed system
performance largely in terms of

The ultimate purpose of any infor- message volume, message through-
mation system is, of course, to im- put time, and such system effi-
prove the quality of decisions made ciency measures as information
by the system users. Since man- accuracy and completeness. The
agement information systems are question of the degree to which
now proliferating at a rapid rate, changes in these make any real
we might all confidently assume difference in terms of user deci-
that managerial wisdom will enjoy sions has received scant attention.
a corresponding growth. This is a This is so primarily because of the
shaky assumption, however, based enormous difficulties involved in
upon the equally shaky premise that conducting controlled studies in a
if a little information is good then a field environment. Some of these
lot of information must necessarily difficulties have been discussed
be better. today by the previous speaker,

Mr. Baker.
Fortunately, for all of us perhaps,
there are skeptics. Some potential In addition to the difficulties im-
customers are becoming interested posed by a field environment I be-
in evaluating the effectiveness of lieve there are other reasons that
proposed systems prior to installing study of the impact of information
them on a large scale. Inevitably systems upon decision making be-
these evaluations of system effec- havi- has been largely ignored.
tiveness will have to include an For non-trivial situations, (i. e.,
appraisal of whether human deci- "real life" problems) the decision
sion maxing behavior has in fact process can be enormously com-
been improved. plex. More importantly, it is a

private experience.
To date there have been relatively
few field evaluations of information It is complex in that it may involve
systems. Those which have been dozens of identifiable steps. These
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include recognizing that a problem BACKGROUND
exists, identifying the nature of the
problem, considering whether ac- The two studies I should like to dis-
tion is required, alternative actions cuss today were conducted at the
which are possible, feasibility of BESRL Information Systems Labora-
alternatives, etc. tory, which includes a CDC-3300

computer system with six Input/out-
it i3 a private experience in that an put data channels. Connected to
observer has no way of conveniently the six input/output channels are a
determining, for example, whether card reader, a punch unit, a high-
a decision maker is considering speed printer, three disk pack units,
particular alternatives, or whether two magnetic tape units, six cath-
the presence or absence of certain ode ray tube (CRT) CDC-211 display
data is even noticed by the decision devices, and sixteen IBM-1050
maker, terminal stations.

In ,ecognition of the difficulties in- Each test subject cubicle was
volved in controlling field studies equipped with one CRT display de-
cf information system effectiveness, vice and keyboard, wall map dis-
the U. S. Army Behavior and Sys- plays, and a telephone to communi-
tems Research Laboratory (BESRL) cate with the experimenter. The
has instituted a series of laboratory entire test scenario was stored on
studies of human decision making one disk pack.
behavior. These studies include a
simulated military information For each study, the subjects con-
system. Interestingly, although the sisted of twenty colonels and
simulated information system was lieutenant colonels, all of whom
intended to provide the i!-dependent had combat experience: three re-
variables for decision making exper- ported combat experience during
iments, it developed that the syster.n World War II,. ten in Korea, and
also afforded opportunities for eighteen in Viet-Nam. The major-
insights into the complex and pri- ity had served in mechanized in-
vate decision process itself. fantry units, had held staff positions

in tactical operations 'enters, and
I should like today to acquaint you were graduates of the U. S. Corn-
with one part of the research which mand and General Stalf College
has thus far been conducted. Spe- (CGSC).
cifically, we have been able to ob-
serve four behavioral aspects of the The task assigned to each subject
derision process which related was to deploy a mechanized infan-
significantly to decision quality, try division to defend an assigned
With some modification, three of sector in the event of an attack by
tiese behavioral aspects held up an initial force of two motorized
under replication despite substan- infantry divisions. The friendly
tial changes in the test procedure. unit was shown in assembly areas
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(hostilities had not yet commenced). could then access if he sc desired.
The subject was to indicate enemy The lower ten lines of the CRT
avenues of approach into the division were used to have the subject In-
sector, to identify key terrain fea- struct the computer to provide addi-
tures and to recommend a form of tional information or to return to
defense. He then allocated man- an earlier display.
euver elements to the general out-
post line, forward defense area, and When the subject completed his
reserve and recommended a form task organization and his mission
of resistance to be offered by each statements, he notified the experi-
echelon. He was then requested to menter and the test was terminated.
sketch on a situation map overlay Subjects varied substantially in
his recommended location of the terms of time to complete the exer-
general outpost, combat outpost cise. One required less than two
coordination point, brigade boun- hours and some required four or
daries, forward defense area bat- more. There was a significant
talion positions, reserve force lo- negative correlation between test
cation, visualized allowable pene- time and test score on the first
trations, and blocking positions. study. On the second study the cor-
F 'Lally, he was requested to write relation was also negative but did
out his recommended task organi- not reach statistical significance at
zation and to write mission state- the . 05 level.
ments to subordinate units.

The subjects responses were scored
In solving the above problem the in terms of standards established
subject required access to infor- by CGSC. The present scenario
mation concerning friendly and was based upon a lesson plan in use
enemy unit task organizations, dis- at CGSC. Since the lesson had been
positions, activities, and status, as meticulously developed over a sev-
well as information concerning eral year period by combat experi-
weather, terrain, and civil affairs. enced military instructors we felt
During the first study the subject that objective scoring standards
obtained information by telephoning could be developed which would
the experimenter who then searched have a high probable degree of val-
the index of the scenario data base, idity. Internal consistency esti-
retrieved the requested information mates of test reliability were
from the computer, and transferred satisfactorily high. Application of
the retrieved data to the CRT in the the Kuder-Richardson KR-21 form-
subject's cubicle. This resulted in ula gave a value of . 91.
a number of inefficiencies. Conse-
quently, during the second study It was hypothesized that the total
the test subject accessed the data score a subject received on a deci-
base directly. A split screen tech- sion making test would be a func-
nique was used. The upper ten lines tion of four major variables: his
of the CRT were used to display experience, his ability, the amount
d-Ata and/or indexes of subordinate of information he possessed which
data categories which the subject was relevant to the problem, and
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the pattern of behavior he exhibited was based upon discrepancies be-
in arriving at a problem solution. tween obtained and predicted scores
It is this last variable, the decision on the criterion measure. A mul-
process pattern, which is the cen- tiple regression equation had been
tral topic of this paper. Conse- developed which combined the
quently, I shall only mention briefly Experience Score, the Ability Score,
the nature of the other predictors. and a Decision Process Pattern

Score (to be explained below). This
The Experience Score equation was used to predict the

criterion test score each subject
A subject's "experience" score was could be expected to obtain on the
an arithmetic mean of three coriipo- basis of his three predictor scores.
nent scores, each of which was con- It was then hypothesized that subjects
verted to a standard score based on who achieved scores substantially
the unit normal curve: (1) a score higher than predicted may have
related to the date that the subject accessed different information in
attended the U. S. Army Command the data base than was accessed by
and General Staff College at Fort subjects who scored substantially
Leavenworth, (2) the amount of ex- lower than their predicted score.
perience the subject had in mech- It was found that there were indeed
anized infantry units, (3) the num- many data elements which differ-
ber of field exercises he had partic- entiated these two extreme groups.
ipated in. The product moment cor- Consequently, the entire subject
relation of this composite score with sample was scored in terms of the
the criterion was . 49. number of such "significant" facts

each subject had accessed. This
The Ability Score Fact score correlated . 56 with the

criterion. There is, of course,
Two scores comprised this variable, some circularity in this procedure
The first represented the subject's since a substantial portion of the
class standing at graduation from sample comprised the groups which
CGSC, expressed as a percentage were used to develop the scoring
score based on the number of stu- technique.
dents in his class. The second
"score" was an overall final grade DECISION PROCESS PATTERN
which had been assigned by CGSC
regarding the subject's ability to Thi's score was a composite of four
express himself. The two sets of normalized pattern scores: request
scores were normalized and aver- dyad sequence, data request runs,
aged to derive the composite score request slope, and terminal pause.
of "ability". The composite cor- Each of these is defined below.
related . 53 with the criterion
measure. Request Dyad Sequence

Fact Possessed Score . The following procedure was used
to identify and to score the request

Calculation of the "Facts' score dyad sequence pattern. The
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subjects' requests for information 6. Terrain
which had been transcribed by the
observer during the test were as- Requests concerning:
signed a code nmnber in terms of Cover and concealment
the following eleven categories: Fields of fire

Rc-, nets and status
1. Friendly Unit Task Organization &oil trafficability

River fordability
Request concerning: Presence of bridges and their
Attachment, support, and status
operational control 27. Enemy Unit Task Organization*

2. Friendly Unit Tactical Disposi-
tions 8. Enemy Unit Tactical Disposition*

Requests concerning: 9. Enemy Unit Operational
Front line trace Activities*
Command post locations
Center of mass 10. Enemy Unit Status Information*
Unit boundaries
Reserve locations 11. Miscellaneous (primarily civil
Objective locations affairs)
Supporting troop locations

Each subject's requests were organ-
3. Friendly Unit Operational Activ- ized along a time base (in five-

ities minute time blocks) so that a string
of numerical codes represented the

Requests concerning: sequence and nature of each sub-
Current activities ject's requests for information.
Planned activities Each -uccessive set of two numbers
Summary of activities was then studied. A tabulation was

made of the frequency with which
4. Friendly Unit Statup Information each numerically coded request

category followed another. Li uther
Requests concerning: words, each set of two successive
Strength numbers (dyads) was studied to
Casualties determine whether a particular re-
Morale quest category was more likely to
Combat effectiveness be followed by one request category
Critical supply items than by another. Such a relation-

ship was, in Ifact, discovered. An
5. Weather 11 x 11 matrix of successive cate-

Requests concerning: *These categories have the same
Visibility contents as those noted above for
Precipitation Friendlv Units.
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gory tabulations (with the first nun- izing. Correlation with the cri-
ber of a dyad entered on the rows terion was . 49.
and the second term indicated in the
appropriate column( yielded a con- Request Slope
tingency coefficient of 73, and a
Chi-square value beyond the . 001 The analyses of the subjects' timing
level of probability. Examination of in requesting data included calculat-
the cell contingencies in the matrix ing their cumulative percentage of
indicated that the entries in the diag- requests as a function of time. A
onal were largely responsible for monotonic relationship was found
the discovered relationship. Many between this variable and total deci-
subjects, having accessed, for ex- sion quality test score. The top
ample, the "terrain" categorywould quartile had made 80 percent of their
ask additional questions in that cate- requests in tke first 75 minutes of
gory before turning to a different the problem. Mean times for suc-
topic. Thus, the derived score for cp'osive quartiles to reach the 80
sequence for each test subject be- percent point were 115, 125, and
came simply the number of his 142 minutes, respectively, for
dyads whose category numbers were quartiles two, three, and four.
identical, divided by his total num- Similarly, the 90 percent point was
ber of dyads. This measure cor- reached by the four quartile groups
related. 53 with the criterion, after 120, 150, 165, and 200 min-

utes, respectively. Consequently,
Data Request Runs we endeavored to develop a mea-

surement technique which would
The score for data request runs reflect this tendency for "effective"
was developed using the same decision makers to build their
definition that is used for the non- information base early in the prob-
parametric statistic called '"Vald- lem solving period. Several meth-
Wolfowitz Runs Test". The numer- ods were tried and they all worked
ical codes indicating each subject's about equally well. The simplest
request category had been entered and most direct is to score the
in their appropriate five-minute subiects in terms of the percentage
time blocks. One or more requests of their total requests which were
in a time block signified that the made in the first thirty minutes
time block was "filled". One or after they started. The subjects
more consecutive filled blocks is who scored high on the criterion
defined as a "run". Similarly, one measure tended to build their data
or more consecutive unfilled blocks base quite rapidly and this initial
is a "run". A subject's score was percentage of total requests re-
the total number of such runs prior flected this tendency quite well.
to the time block in which he stated Correlation of this measure with
his final decision. "Desirable" the criterion was . 44.
scores were found to be the lower
scores on the first study; therefore, Terminal Pause
the number of runs was subtracted
from a constant prior to normal- The "terminal pause" score is the
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number of minutes which elapsed "methods". One identifiable group
from the time of the subject's final of subjects progressed uniformly
request for data and the time he sub- through each ."ztegory of frames on
mitted his decision. This measure most of the major indexes. The
ranged from less than one minute to others appeared to be much more
150 minutes, with a mean value of "selective", accessing a few spe-
40 minutes. "Desirable" scores cific frames and not in the order in
were believed to be the brief times; which they vw-re his.ed on the index.
therefore, the scores were sub- For this latter group (which repre-
tracted from a constant. This sented half the test subjects) the
score, as was the case with each of Request Sequence score correlated
the foregoing, was normalized prior with the criterion at approximately
to conducting subsequent analyses. the same Value as during the first
A correlation of. 23 was obtained study. This finding confirmed our
between this measure and the suspicion that presentation of the
criterion, indexes affected the subjects' data

accession patterns.
REPLICATION

The Request Slope score correlated
It is important at this time to draw .40 wiLh the ';econC study criterion,
attention to the change in experi- as contrasted with . 44 on the first
mental procedure which was intro- study. The TermiD:l Pause score
duced in the second study. During yielded a. 29 correlation with the
the initial study, it will be recalled, second study criterion, contrasted
the subject obtained information by with. 23 for the first study. The
telephoning the experimenter. The Request Runs score, however, was
manner in which he organized his also apparently influenced by the
requests related significantly to the change in procedure. During the
criterion measure. In the second second study the subjects averaged
study, indexes of the data base con- 300 data requests per man, whereas
tents were available to the subjects the mean number of data requests
and the indexes were organized in was well below 100 during the first
terms of subject matter categories, study. During the second study
Consequently, there was much less there was a significant tendency for
skipping around among categories, subjects scorin- high on the cri-
and the Request Sequence score terion measure to space their re-
reflected this change. On the sec- quests, rather than clumping them
ond study the correlation between as in the first study.
the Request Sequence score and the
criterion was essentially zero. As on the first study, the above
Consequently, it was not included scores were converted to standard
in subsequent analyses. However, scores, were averaged, and were
we did explore for possible effects correlated with the criterion
of the changed procedures upon measure. The mean of the Request
this score. Inspection of the work Slope and Terminal Pause scores
patterns of the subjects indicated correlated. 53 with the criterion,
that it was possible to identify two a value which is significant at the
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05 level. If we are permitted to distributed throughout the test
include the Request Runs score in period (low Runs Score), and which
the DPP composite, the correlation lead to a decision relatively soon
becomes. 60. When the Facts after the data base is developed
Possessed score is combined in a (lowTerminal Pause Score).
multiple prediction equation with
the Decision Process Pattern score Two of the DPP scores continued
a correlation of . 73 results. Addi- to relate significantly when the

tion of the Experience and Ability study was repeated using changed
scores could be expected to raise procedures for accessing the data
the multiple correlation to a value bank. One score (the Runs Score)
close to that of the earlier study but, reversed its direction apparently
since these scores are not pres- because the subjects who scored
ently available, this can only be low on the criterion measure had a
regarded as conjecture at this time. tendency to access very large num-

bers of frames. This necessarilyDISCUSSION reduced the elapsed time between

accessions and, therefore, lowered
There are one or two features of the number of Request Runs for
this research which appear to merit these subjects. At the present
some emphasis. The first concerns time, the Runs score rr.ay tentatively
the central point of the paper that be accepted (pending later verifica-
one's approach to problem solution tion) as a potentially useful pre-
is predictive of the quality of the dictor of decision quality. Interpre-
solution. tation of the score is contingent

upon whether a subject interacts
In the first study, four patterns of directly with a computerized data
behavior were identified which bank or places his data requests
when expressed as a composite through an intermediary.
score, yielded a substantial cor-
relation with the criterion measure. The failure of the Request Sequence
The four scores comprising the DPP score to hold up in the second study
composite score had extremely low does not necessarily invalidate the
intercorrelations yet they seem to score for use in other decision tests
suggest that they are measuring a which are similar in procedure to
common characteristic. It would the first study. Evidence is avail-
appear that what they may be mea- able that the cueing in the second
suring is the degree to which a sub- study (by displaying indexes which
ject systematically develops a data influenced subsequent questions)
base necessary to solve a problem. removed scoring differences which
"Systematic" thought processes would otherwise have pertained.
may be reflected by sequences of This would seem to merit further
related questions (high Sequence attention.
Score), which are developed rela-
tively quickly (high Slope Score), The differences in test procedure
which are asked in groups of ques- for the two studies illustrate other
tions as contrasted with questions interesting aspects with respect to
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influences upon individuals' work If the DPP score actually does mea-
patterns. In the second study, sure a systematic, orderly, logical
fourteen subjects were tested in way of acquiring knowledge relevant
groups of two or three, and six were to problem solution, and if it is
tested individually. When subjects consistently found to relate to de-
were tested simultaneously the cision quality, the factor has imp-
average deviation of test time was lications beyond the scope of the
exactly half the average deviation present study. BESRL's research
of the subjects tested individually, interests include effects on deci-
Mean test times were nearly iden- sion making perfornance of such
tical. Even though the subjects independent variables as work load,
tested simultaneously were working conflict, information presentation
in separate cubicles there was an mode, work methods, and system t
apparent mutual influence upon the configuration. The subjects'
time they required to arrive at their decision process patterns would
final decision point. Since some of appear to have some influence upon
the DPP scores are sensitive to each of these variables. There-
work pace it would appear logical fore, a better understanding of such
to assume that the scores would, patterns and their influence upon
therefore, be affected by whether these variables should lead to a
individual or simultaneous test better understanding of the effects
procedures were used. of the independent variables upondecision making performance.

The behavior patterns identified in

these studies are not the only pat- Additionally, it may be possible to
terns potentially available. The develop procedural guidelines
value of the second study was that relevant to efficient problem solv-
it confirmed that behavior patterns ing behavior. Such guidelines
during decision making could be might deal with hypothesis formu-
reliably identified and would be lation, data gathering, and main-
related to criterion measures of taining a manageable and organized
performance. Additional explora- data base. A beneficial effect of
tion would now seem to be indicated such problem solving procedures
to identify additional behavioral might well be imp,-oved pro]..m I
patterns and to refine further those solving in personal and business
measures which appear to have merit areas. One does not have to be a
In this iterative manner we may be division commander to benefit from
able to gain a clearer understanding an orderly approach to problem
of the "complex -nd private" nature solving.
of human problem solving.
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2C. DATA INPUTAND MODIFICATION

Lewis F Hanes
The Natioial Cash Register Company

Dayton, Ohio 45409j I
ABSTRACT emphasizes human operator consid-

erations in using equipment and
This report presents a view of performing tasks. It does not

the data entry process; reviews deal with device descriptions
some of the operator actions, en- since these change frequently,
coding mecnanisms, input devices, and at the time this is being
and opera-or functions and tasks written, 4 new device is intro-
in manual data input and data base duced nearly every day.
modification; and presents the re-
sults of selected human factors Data Entry
studies of operator performance
in data input tasks. Figure 1 presents major routes

that data can follow from their
point of origin to the computer

INTRODUCTION and data base. Physical events
occur which create raw or sourcb

The fuel of computer-based data. The events can be recorded
systems is data. But data are by: (a) direct measurement in
elusive, and must be fed into a real-time by analog instruments,
computer or its data base before conversion to digital form, and
they are useful. Occasionally, automatic entry into the data
some of the data in the base must system, (b) direct capture on
be added to, modified or deleted, some form of media, with auto-

matic or human operator conver-
The purposes of this report sion into a opriate digital

are to (a) present a view of the code, or (c)capture by a human
data entry process, (b) review operator, who either directly en-
some of the operator actions, en- codes the data, or puts them in a
coding mechanisms, input devices, form that another human operator
operator functions and tasks in can work from in performing the
manual data input and data base encoding process. Some of the
modification, and (c) present the operator actions and types of
results of selected human factors devices utilized for the record-
studies of operator performance ing and input tasks are shown in
in data input tasks. The report Figure 1.
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The entire process for provid- comuter memory, or in the data
ing Lomputers and data bases with base muot be modified, added to,
data has been defined as data en- or deleted. This process can be
e by Stender (1). He identifies defined as data modification.
eight functions which may charac-
terize data entry: There are at least two possi-

(a) Capture or recording of hu- ble approaches to accomplish the
man- or nonhuman-sensible data modification process. One
data at their source of technique involves preparation of
origin, a complete new record which is sub-

(b) Transmission of these data stituted for the original record.
to data conversion equip- Another approach is to retrieve
ment. the old record, add to, delete

(c) Conversion of data to ma- from, or modify it as required,
chine-sensible form. and re-enter the revised material.

(d) Transmission of the convert- The major routes that data can
ed data to some intermediate follow during the modification
memory media. process are the same as the ones

(e) Recording of the machine- followed during data input (Figure
sensible data on the inter- 1). A major difference is that
aediate media. data modification may involve re-

(f) Data and comiunications trieval of and work with a record
error checking, and date from the data base or from some
verification and validation point in the data entry procedure.
to insure that valid data More will be said about data modi-
are ready for preprocessing. fication in a later section of this

(g) Preprocessing, which in- report.
cludes editing, reformat-
ting, merging, sorting, col-
lating and further field, ?.NUAL DATA D(PUT
batch, hash and applications
error checking. Manual data input consists of a

(h) Transfer of these preproc- human operator obtaining data from
eased data to intermediate the original source, or as recorded,
memory. and operating one or several en-

coding mechanisms which transform
The term data input is a subset the operator actions into signals

of data entry; it describes putting capable of being accepted by an I

data into a computer-readable form, appropriate input device. The in-
and recording them on some form of put device records the data on
intermediate memory (1). This re- some form of intermediate memory.
port is primarily concerned with The input device, or that to which
the data input part of the data en- it is connected, may or may not
try process. The reason is that perform checks on the data encoded
the other activities are less de- by the operator, and may or may not
pendent on direct human operator require re-entries when errors are
participation. detected. The capability to de-

tect errors, and to require opera-
Data Modification tor correction before a data input

Job is complete, is system-depsn-
Occasionally, some of the data dent.

stored in intermediate memory, in
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Table 1 presents possible opera- chine-readable form. It may in-

tor actions and associated encoding volve encoding of both alphanumeric

mechanisms. To date, keyboards and graphic data. Major tasks

operated by finger movements have associated with transcription may
encoded the majority of data found include manual keying; operation

in data bases. Other approaches of switches, knobs, dials and

are becoming more significant as levers; movement of hand-held

advances in technology make alter- scanners over coded surfacesl

native techniques more economical. handprinting and writing, check-
ing, punching and marking; opera-

The "Eye Movement" and "Think- tion of light pens, joysticks,
ing" entries in Table I are in- trackballs, etc.; and speaking.
cluded for completeness practical Data transcription may result in

encoding mechanisms are not now, media which require insertion in

and will not be available for many an appropriate media reader.
years.

In some systems it is necessary

Table 2 presents most of the to check that the data have been

major types of input devices avail- correctly entered. This function

able or under development at the can be defined as verification.

present time. One or several of Systems relying on manual keyboard
the encoding mechanisms shown in transcription sometimes require an
Table 1 either are an integral part operator to rekey part or all of
of each input device listed in the original data. Comparison is
Table 2, or produce media which can performed between the original and
be read by one of the input de- the rekeyed data, and corrections

vices, made. Non-keyboard systems have
their own unique techniques for

Operator Functions verification, if such checking is 4
required.

The functions required of an
operator are determined by the re- Data validation involves check-
spective system. Major functions ing the encoded information to de-
may include media insertion or data termine if the data in each of the
transcription, verification, vali- fields are valid according to some
dation and formatting, set of rules. In many systems

this checking is performed by the

Media insertion is a major hu- machine element at the time the
man oerator activity associated data are transcribed, or as part
with optical character recognition of an edit run on a computer.
(OCR) and magnetic ink character Check digits, range-checking of
recognition (MICR) systems. Oper- numeric fields, and checking Yhat
ators take the coded items from a c' aracters are within a well-de-
storage area, container, or wher- fined subset of acceptable char-

ever, and insert them into the acters for a field are examples of

reading mechanism. In some sysA'ms validation procedures. Detected
it is necessary for an operator to errors may be brought to the at-

use a keyboard to enter non-ma- tention of an operator for immedi-
chine-readable data. ate or later manual correction.

Some systems my require some form

Data transcription is the ini- of manual validation.
tial encoding if data into ma-
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OPERATOR ACTIONS ENCODING MECHANISMS

Finger Movement Keyboards Switches
Block Alpha Rotary
Typewriter Slide
Chord Lever
Ten-Key Numeric Toggle
Matrix Numeric Rocker
Preset Function Thurnbwheel
Overlay Function Pushbutton

Hand Movement Knobs and Dials Direct
Push-Pull Handprinting
Pointer Handwriting
Wheel Check Marks
Crank Hand Punching

Marking
Two-Dimensional Stylus Punching

Pantograph
Stylus Tablet Scanners
Light Pen and Gun Movable
Joystick (Track Stick) Fixed

I Trackball (Rolling Ball)
Mouse
Touch Display

Other Body Movements Switches
Pedals
Levers

Speech Voice Recogndition

Eye Movement Eye Position Monitoring

Thinking Neurological SensiS s c

Table 1. Operator Actions and Related Encoding Mechanisms.
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Data Recording Devices
Keypunch
Paper Tape Punch
Keyboard-to-Tape
Keyboard-to -Cartridge
Keyboard-to-Cassette

Keyboard-to-Disk

Direct Input Devices
Cathode Ray Tube and Associated Controls
Teletypewriter
Touch-Tone Telephone

Optical Character Recognition
Multifont Reader

Handprint and Wr'iting Reader
Printed Font Reader

Stylized Font Reader
Bar Code Reader

Magnetic Ink Character Recognition

Source Data Collection Devices: On-Line
or Recording on Tape, Cartridge or
Cassette

Badge Reader
Scanner, Mark Se-se, and Card Reader

Punched Holes Reader
Magnetic Encoding Reader
Optical Encoding Reader

Encoded Key Reader

Voice Recognition Devices

Table 2. Input Devices
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Data often have to be ordered sary to review the literature since
in certain ways, fields sometimse the referenced documents are con-
have to be zero-filled or skipped, prehensive. Rather, results are
and records sometimes have to be presented of several studies which
rearranged and merged befere corn- have not appeared in the general
puter processing or data base en- literature.
try. This process is called data
formatting. The human operator may Keypc h Studies. The key-
be involved in this function and/or punch has probab encoded more
the formatting may be accom;,lished data for entry into computers and
during an edit run on a commter. data bases than any Q9tr input

device. Certain characteristics
Operator Tasks of met keypunches, howvver, pre-

vent skilled operators from opera-
Each of the major functions con- ting at maxium input rates. The

sista of man operator tasks, the keypunch inhibits punching during
nature of which are dependent on card feeding and releasing, du-
equipment characteristics, nature plicating, and skipping. Keypunch
and form of the data, and manipu- replacements, such as keyboard-to-
lation and storage requ-emnts for tape units, perform the operations
the data. It is not possible in mentioned in significantly less
this report to consider the wide time, thus freeing the keyboard
range of tasks associatod with data for data entry. Error correction
input. For illustrative purposes, on the keypunch involves release
however, one example of som of the of the punched card, duplicate to
major tasks required of an operator the error, and rekey the mistake.
in utilizing a keypunch to perform Error correction on a keyboard-to-
data transcription are presented tape unit simply involves depres-
in Table 3. Each of the entries sing a backspace key and then the
shown in the table could be further correct key. Cards used with a
analyzed, e.g., the "Insertion of keypunch can contain only 80 char-
Program Cards" task consists of acters of data. Records consisting
(b removal of the program drum, of more than 80 characters mist

removal of the previous pro- utilize mcre than one card, with
gram card from the drum, (c) in- the attendant delays associated
sertion of the new program card with card feed and release. Most
onto the drum, and (d) insertion of the keypunch replacements pro-
of the drum into the keypunch, vide capability for significantly

larger records.
Operator Performance

The National Cash Register Co.
Many investigations have shown (NCR) Human Factors group con-

that design features and operating ducted a limited comparison of
characteristics of encoding me- operator performance between a
chanism and input devices can oig- keypunch and a keyboard-cathode
nificantly influence operator per- ray tube (CRT) device which sizm-
formance. A large number of these lated a keyboard-to-disk or on-
studies have been described and line system (5). The task of the
summarized in re:orts by Pollock operator was to transcribe alpha-
and Gildner (2), Devoe, Eisenstadt numeric data from Form l0O income
and Brown (3), and Alden, Daniels tax returns. The results showed
and Kanarick (4). It is not neces- the keytoard-CRT device required
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Preparation of Program Cards

Insertion of Program Cards

Insertion of Cards into the Hopper

Removal of Cards from the Stacker

Replacement of Ribbons on Printing Models

Transcription

Keying o'" alpha and/or numeric data from the
source dvcument

Duplication and skipping

Error correction

Manual card insertion and removal

Table 3. Representative Operator Tasks Associated
With Keypunching.
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20.1 percent less time to encode a successive keystrokes) for the
return than the keypunch. It was most proficient operator keying
found under the conditions of this alpha material and numeric ma-
comparison that 17.3 percent addi- terial are presented in Figures
tional characters had to be keyed 2 and 3, respectively. It can be
with the keypunch. This was due seen in Figure 2 that the opera-
to the limit of 80 characters per tor was able to establish a
punched card; fields larger than faster keying rhythm with the
80 characters required a second buffered keypunch. She appar-
card, which required document i- ently encountered the keyboard
dentification characters. A record lockout with the non-buffered de-
was kept of the nu*r of cards re- vice, and therefore established a
done because of operator detected pace slow enough to avoid the
error. The results show a card lockout. Entry of numeric data
spoilage rate of about 6 percent. was by one hand, and no operator
In one test, about 3.8 percent of was able to develop a fast enough
the total time to transcribe the rhythm to encounter the lockout
returns was attributable to cor- with the non-buffered configura-
rection of erroneous cards. tion (Figure 3). The less pro-

ficient operators, when keying
The NCR Human Factors group also alpha material, did not develop

compared keypunching performance a keying rate fast enough to en-
with two different device configu- counter the lockout. Figure 4
rations (6). One configuration shows typical digram results for
(called "non-buffered") would not such a subject.
accept a key depression unless more
than about 90 milliseconds (me.) Scanners. Hand-held scanners
had elapsed since a previous de- capable of sensing data located
pression. The minimum inter-key on various types of media have
interval was less than 30 me. with been developed in recent years.
the other configuration (called These devices are held in one
"buffered"). hand9 and either passed across I

the data field to obtain theThe task of each subject was to read, or positioned directly

key alpha and numeric material as above the data and held station-
rapidly and accurately as possible ary during the read. Such de-
with each of the keypunch configu- vices provide a very attractive
rations. The results showed: (a) alternative to keyboard encoding
a significant 14 percent increase in situations where a significant
in average keying rate of alpha (e.g., more than three) number of
material by the most proficient digits must be entered, and the
operator with the buffered device; source data can be provided in
less proficient operators showed machine-readable form.
little or no difference between
the two configurations, (b) no Several scanners have been
difference in keying rate between announced and others are known
the buffered and non-buffered key- to be under development. NCR,
puhes with entry of numbrics, and for example, has developed a
(c) no difference in error rates hand-held pencil-like sensing de-
between the two devices, vice capable of reading coded

bars. The NCR Human Factors
Typical distributions of di- group has conducted a number of

gram times (times between two experiments with this device.
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One of interest (7) compared entry Speedh. Interest has been
and accuracy rates between a key- shown ithrugh the years in data
board and the scanner. The opera- capturing systems based on speech
torts task with the keyboard uas to recognition. This method of data
obtain various numbers of digits entry has intuitive appeal since
from a label attached to a grocery minimum special skills and train-
item, key the digits, and pass the ing should be required of the op-
item to the rear of a checkstand. orator.
The task of the scanner operator
was the same except instead of key- Lea (9, 10) has listed some of
ing she passed the hand-held scan- the advantages of speech input.
ner over a coded label. The results These include: (a) increased
of the time comparison are pre- physical mobility to the operator
sented in Figure 5, and the accu- because of the elimination of
racy comparison in Figure 6. It physical contact between speaker
can be seen in these Figures, for and equipment, (b) ability of the
the experimental tsk, that little operator to use his hands and eyes
performance advantage exists for for other tasks while speaking,
scanner entries consisting of three (c) ability to use speech with
digits. There are significant other modalities, such as tactile,
speed and accuracy advantages for for more efficient communications,
the scanner for larger entries, and (d) possibility for data entry
however, for those who are physically unable

to use standard tactile input de-
The NCR Human Factors group, in vices. Major disadvantages of

a limited test to determine maxi- speech input include the difficulty
mum rate of scanning labels, mea- of recognition in high ambient
sured the time to scan a page of noise environments, and the techni-
coded labels, and found it took cal and economic problems associ-
about one-half second per label ated with speech recognition.
(8). Another type of hand-held
scanner was found to require about Technical problems have pro-
1.3 seconds per label to perform vented the development of general
the same task. The reason for speech recognition equipment.
citing these results is to empha- Pierce (II), in a letter highly
size that scanner design and opera- critical of the potential for
tion can have a significant effect general speech recognition, notes
on operator performance. that recognition around 95 percent

correct can be achieved for clearly
Operator acceptance of the pronounced, isolated words from a

scanner was found to be very high. chosen small vocabulary (such as
Some of the reasons are that mini- the digits) spoken by a few chosen
mum special operator skills are re- talkers. Performance has decreased
quired, a high level of proficiency drastically as the vocabulary, num-
is achieved with little practice bar, and variety of talkers were
(compared to learning to operate a increased. Pierce concludes, "It
keyboard), and the operator re- is not easy to see a practical,
quires less concentration while economically sound application for
using the scarcer. Because of speech recognition with this capa-
these, and performance reasons, it bility."
is anticipated that scanners repro-
sent one of the fastest growing Review of the literature re-
areas of data input. veals limited empirical data

69

LA
71



3.7-

IL w 2.5-

wI
I- I 9 __ SCANNER

3 4 a 6
NUMBER OF DIGITS PER ENTRY

Figure 5. Comparison of Keyboard and Scanner Entry Times.

Iw

3.0-

z Z0

I SCANNER

3 4- A- -

NUMBER OF DIGITS PER ENTRY

Figure 6. Comparison of Keyboard and Scanner Accuracy. j
70

w 1



regarding rates of transmission and There are other data entry
misreading errors with speech in- tasks which may be more amenable
put. Braunstein and Anderson (12), to speech. As an example, non-
in a study which dealt with the typists might prefer speaking in-
question, compered speed, accuracy stead of keying limited amounts of
and preference for reading digits textual material. The time for
aloud and keypunching. The results typing should be significantly
for inexperienced subjects showed longer; possibly an order of mag-
the punch entry rate to be about nitude greater than with verbal
half that of speech (1.44 versus entry. This estimate of time dif-
3.01 digits per second on the day ference is based on the study of
performance was best for each). An Devoe, et al. (3), who found un-
experienced keypunch operator skilled operators keyed alpha-
punched and spoke at a rate of 2.80 numeric text at a rate of 0.86
digits per second. The error rates characters per second, and the
were similar for the two methods of analysis b Miller (14) which
entry; undetected errors per digit shoted the rate of utterance to
were .0036 for punching and .0023 be 3 words per second (based
for speaking on the day accuracy an -, , erage word length of 1.7
was best for each. In the pref- YflU,6L , and an estimate of 5
erence study, four of the five in- slls'oluz per second as the speed
experienced subjects chose to punch at -*Ach the speech musculature
rather than read 1050 digits, even wrka). It would require about
though punching took nearly twice 4.3 seconds to type one word,
as long. assuming 5 characters pe:. word.

In the same time, 12.9 words could
Bezdel (13), in another study, be spoken.

found that 43 female subjects
uttered words (selected from the Error Detection and Correction.
10 digits and 5 comand words) at The NCR Human Factors group con-
an average rate of 1.33 words per duicted a limited comparison of
second. Bezdel (13) reported the three methods of error detection
words were "separated by gaps of and correction (5). Two of the
silence." He found the mean un- techniques involved the operator
corrected misreading rate was pointing at the correct entry on
approximately .001, with the stand- the face of a CRT display. The
ard deviation about as large as the third method consisted of the op-
mean valu. erator transcribing from a 1040

tax return a field identified on
Although the first experiment the CRT. The time required to

described above was limited in accomplish the task was the measure
scope, it suggests for tasks in- of performance.
volving extended numeric data entry
that speaking is initially faster Figure 7 shows examples of the
than punching, but this difference display presentation associated
disappears with experience that with each technique . In the
error rates are essentially equiva- Field Comparison method, the char-
lent; and that operator preference acters of an entire field where
is in favor of punching. Addition- shown on a line of the CRT. Im-
al studies are required before any mediately below was shown the same
conclusions can be drawn, field as it was transcribed at a

different time. In every instance,
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TECHNIQUE DISPLAY PRESENTATION

Field Comparison 41 LAST NAME SMITH
SMITT

Mismatch 41 LAST NAME SMITH
T

Re-entry 41 ENTER LAST NAME

Figure 7. Examples of Display Presentations for Error Detection and
Correction.
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one or more of the characters on rapid, accurate and economical en-
a line did not match with charac- coding of data. Estimates of how
ters in the line below. In the rapidly, accurately and economical-
Figure, the 41 refers to the tax ly data can be encoded are influ-
return on which the field was enced by a number of factors, in-
found, and LAST NAME identifies cluding (a) the amount and nature
the field. The task of the opera- of the data, (b) transformations
tor was to check the appropriate required of he data by the opera-
tax return to determine which entry tor prior to using the encodig
was correct, and then point at the mechanism, (c) characteristics of
correct entry. the input device and hardware-soft-

ware system beyond, (d) corrections
The Mismatch technique (Figure required on the data after initial

7) was the same as the Field Corn- encoding, and (e) characteristics
parison method except only the of the operator. Unfortunately,
characters in the second line that most of the published comparisons
did not match were displaTed. between alternative data input

systems are based on nonscientific
The Re-entry approach required observations. Research is needed

the operator to transcribe the en- in this area to establish good
tire field identified on the CRT bases for comparison.
display (Figure 7). With this
method, the system would compare
the keyed characters with the two DATA I4DIFICATION
previously transcribed fields in
an attempt to find a match. Data modification is similar

in many respects to data input
The results indicated that since the sam operator actions,

point-in techniques (Field Corn- encoding mechanisms and input de-
parison and Mismatch) to choose vices are used. A major difference
-etwe-n two alternatives on a CRT is that data modification usually
display were 40 to 45 percent involves reference not only to
faster than the technique requiring source data, but also to records
rekeying of a field. No signifi- already in the data entry process
cant difference in time was found or data base. Therefore, there is
between the two point-in methods, Lreater operator relia-nce on visual
although it is expected that a more and auditory presentation of the
extensive test would identify dif- data contained in the existing
ferences in speed and accuracy. records.
The reason for the 0ifference be-
tween keying and point-in was prob- The transcription, verification,
ably the many more operator control validation, and formatting functions
movements associated with the for- mentioned in the Data Input section
mer task. The study described was also must be accomplished during
very limited in scopel it is likely data modification. A very impor-
that the difference between point- tant operator activity in performing
in and rekeying is very sensitive data modification is insuring that
to the number of characters in a the correct record is being addedfield. to, modified or deleted.

System Performance Each of the data manipulation

Data input is concerned with functions consists of many operator
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tasks. The nature and performance native data entry systems.
of the tasks are dependent on manw
factors, including amount and
nature of the data, transforma- RS
tions required of the data by the
operator prior to using the encod- (1) Stender, R. C. The future
ing mechanism to update the reo- role of keyboards in data
ord, characteristics of the input entry. Datamation 1970,
device and equipent in which the 16 (6),--72.
records to be updated are located,
and characteristics of the opera- (2) Pollock, W.T., and Gildner,
tor. G. G. Stud of computer

manual input devices. USAF
The published literature -.-- Electro~tc Steme Division

garding human factors aspecte of Technical Documentry e ,
data modification is very limited. 1963, Wo. SID-Tm-63-545.
Research is required to provide
information relating to operator (3) Devoe, P. B., Eisenstadt, B.,
performance in the manipulation and Brown, D. E., Jr. Manual
function. input coding study. USAF Rome

Air Develo-munt Center -ec -
! 1966, No. RADC-COMOUSS TR-D 7

The model proposed in Figure 1 (4) Alden, D. 0., Daniels, R.W.,
can provide a useful conceptual and Kanarick, A.F. Human
framework in which to view man's factors principles for key-
role in the data entry process. board design and operations -
The listings of operator actions a suuury review. Ho!=e.
and encoding mechanism (Table 1), SYtems and Research Division
input devices (Table 2), and des- R 1p3970, No. 121W-FRla.crptio.s of operator functions

and tasks emphasize the diversity (5) Hangs, L. F. Human factors
of this role. studies of transcription,

verification and work station
The studies presented show sig- design. NCR fterticen Nalu-

nificant differences in operator ations Mo.. 1YO, NO. Op 8t-
performance between alternative 76.
input devices, and between dif-
ferent designs of the sam device. (6) Oallmaq, G., sad Haem, L.F.
Ny additioral studies showing Human factors test of buffered

the same type of reaulte ae re- and non-bmffewd c465-1 cardviewed in reports by Pollock, et punches. NCR Human Factors
al. f2), Devoe, et al. (3), and 2 , 1967, No.-AT 46-140
Aldan, et al. (4). Even so, addi-
tional investigations are required (7) Heideman, J., and Hanes, L.F.
to generate a pool of quantitative Human factors study of point-
knowledge regarding operator per- of-entry devices for advanced
formwace in the data inpu and checkout system. NCR Hm
modification processes. be avail- Factors Report, 19M ,o.T
ability of such information is re- 47-5.
quired to permit more meaningful
overall comparisons between alter-
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(8) Hanea, L. F., and Heideman, J. mLI 1969, 46, 1049-1051.
Human factors comparison of
N( pen scanner with alter- (12) Braunstein, M., and Anderson,native data capture techniques. N.S. A comparison of readingNCR Human Factors Report, 1969, digits aloud and keypunching.No. AT JT- . IBM Research Memo., 1959, No.~R0-155.

(9) Lea, W. A. Evaluating speech-
recognition work. J. Acoust. (13) Bezdel, W. Some problem inSoc. Amer. 1970, S man-machine cotmmication
1 614. using speech. It. J. Man-

Machine Studies 1970, 2,(10) Lea, W. A. Towards versatile 17-1
speech communication withcomputers. Int. J H-Machine (14) Miller, G. A. Speech andStudies 1970, 2, T - -- language. In S. S. Stevens(Ed.), ook of eiei

(31) Pierce, J. Whither asech mental dMholor. New York-recognition? J. Acoust. Soc. ie 9pp. 789-810.
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2D. STATE OF THE DISPLAY TECHNOLOGY
Anthony Debons

University of Pitsburgh
Pittsburgh, Pennsylvania 15213

Display technology is about because the Human Factors were not
to enter its second decade with considered in the design of the
insight and new challenges. De- display initially so that the user
spite the fact that conmmand and was reluctant to expose himself to
control abounds with untested fact discomfort, error, ete? Is it be-
and theory, the contributions of cause the user resents being pushed
display technology in command and with technology that he didn't ask
control particularly the hardware for in the first place? In 1970
aspects are formidable and signi- these are important questions, more
ficant. We are now on the thresh- important than ever for Display
old of developing new display Technology. The reason they are now
capabilities which are inherent in more important than ever is because
such thinrs ;.s the holograph, the Display Technology is facing new
laser, fiber optics, etc. markets, new needs and new chal-

lenges.
Yet there is evidence that the

acceptance of display technology is Last year, the Department of
far from what it should be. Some Health, Education and Welfare
claim that display systems are a awarded several contracts to several
nice show piece for visiting fire- cities located in different sections
man - nothing more. Others claim of the United States to design and
that the expense of displays bars implement several municipal manage-
them from usage in the school room, ment information systems. These
in the management office, in sur- systems are essentially command and
gery, etc. An examination of these control systems applied to the civic
claims would soon reveal some sector. There is a particular
underlying motives which are re- danger that the experiences gained
lated to a lack of understanding from military command and control
as to what displays can do and how will be lost to system designers of
they can be used - rather than these public command and control
such considerations as cost, systems unless these experiences are

reviewed and an attempt made to
So we have the situation where understand them so that the advances

a resource is available and yeL and pitfalls of the command and con-
there is a minimum of its utiliza- trol development at large can be
tion. What is the problem? Is it applied to them.
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The challenge to display tech- the user can project and test alter-
nology does not rest alone with the natives; in other words to attempt
emerging municipal management infor- problem solution and to arrive at
mation systems. The military ser- decisions. Lets examine some of
vices are projecting new communica- our understanding of data pro-
-ion technology, new ways of con- cessing and problem solving in
.icting logistics. Weapon capabili- brief detail.

ties will demand new decision dis-
ciplines from our strategic and The Data Processing element is
tactical commanders. The needs from taken to mean aspects connected
the educational sector will increase with the clerical/mechanical typing,
in importance and intensity. The classification and storage of data
shifts in educational philosophy we and subsequent retrieval of same.
are now experiencing will impose Mechanical or hardware problems in
greater demands for technology this area have centered on efficient
which allow the individual learner low-cost storage systems, prefer-
to procede at his pace, while free- ably with multi-accessibility and
ing the professional for research large volume permaneut memory.
and other academic pursuits. Li- C. A. Steinberg (1) describes an
braries as we now know them will example of such a system, "VIDEO-
become data centers as well as FILE" in which television tech-
knowledge centers permitting consid- niques are used to achieve high
erable data exploration and manipu- storage efficiency, instantaneous
lation for scholarly and other pur- filing, update, add or delete in-
poses. All these activities will formation, instantaneous retrieval,
germinate new interests and new remote TV display or readout, all
needs in Display Science and Tech- with reusable magnetic tape.
nology. Little reference is found concern-

ing human-machine interaction at
So it its time for us to be- the clerical/input or transcription

come quite serious about what we phase of the system where it is
know and what we do not know - and assumed that no decision making or
to come to some agreement as to the problem solving functions are being
priorities as far as display sci- performed. At this level, we are
ence and technology are concerned, merely inputing data for future use
Of course, the time provided will by higher level decision-makers.

permit an examination of only a few R. T. Root and R. Sadacca (2) indi-
of the underlying factors that are cate that fastest throughput time
involved. may be achieved using a direct

entry procedure where information is
First lets examine some of our directly fed via a free-response

capabilities. Displays serve pri- keyboard as compared with written
marily two major functions in com- transcriptions or audio taped
mand and control, namely, the transcriptions subsequently encoded
alerting function and problem by a second person. This procedure
solving. Subsumed under these two may apply to facets of command and
functions is the capability of the control data dealing with real-time
user to manipulate the data pre- evaluation and survey by a specific
sented to him through the data individual, who must then trans-
processing capabilities inherent in cribe his data to the computing
the computer. In addition, through facility.
the manipulation and the ability to
see the results of the manipulation, The problem solving aspect is
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assumed to deal with a high level changeover has come about because
decision maker, or team of decision of the cheapness and availability
makers. Three functions come to of digital MOS Logic in vastly
mind: 1) Planning for existing compact and vastly large storage
and future methods to overcome capabilities.
specific problems. 2) Deciding
on a specific method for handling The human aspects the decision
a situation in real time. 3) Con- maker faces are several. Firstly,
trolling subordinate functioning there is the problem of data dis-
and dealing with unexpected "emer- play - how can data most effective-
gency" situations. It is assumed ly be presented to the individual.
that the executive about which we J. D. Baker and Ira Goldstein (4)
speak has a fairly well established state that there is no value in
force of subordinates who take care displaying material which may con-
of the "nitty-gritty" so to speak. tain only potential value. The
Provision must be provided, however, presentation of extraneous data
for availability of sufficievt in- delays problem solving by increas-
formation to assure executive's ing search time. On the other hand,
cognizance with emergency situa- C. H. Hammer and Seymore Ringel (5)
tions by-passing his normal cleri- say a) accuracy of performance
cal procedures. The decision maker increases from 46% to 81% with the
must have at his disposal the presentation of more information,
ability to recognize the specific and judgements of confidence from
nature of the problem, must be able 52% to 68%. I assume they are
to display the data he requires, speaking here of pertinent data,
must be aware of both human and which does not contradict Baker's
mechanical/envirortnental limita- assertions. "Coding" of data for
tions and resources, and should fast scanning is treated by W. D.
have some means to simulate the im- Hitt (6) of five different coding
pact or effect of a certain course methods; numeral, letter, geometric
of action, and should have the shape, color, configuration;
ability to monitor the progression numeral and color were superior in
of an implemented decision, that order. Similarly, H. G.

Schutz (7) finds line type trend
Mechanical/hardware considera- formats superior to vertical or

tions for the decision maker are horizontal bar formats, and like-
varied, but among them may be: wise, C. M. Williams (8) finds
1) Ready accessibility of relevant horizontal presentations of numbers
data, 2) Capability for high are superior to vertical presenta-
density display, 3) Real time tion - the vertical required 66%
interaction with system 4) Simple more time to perform the task.
and efficient coding capability
for ease of display comprehensi- The problem solving aspect may
bility. From the strict hardware involve several individuals, a
angle, H. C. Hendrickson (3) notes staff, or board arrangement. S. L.
that RASTER systems with all Smith & B. C. Duggar (9) treat
digital techniques for video syn- large displays shared in common by
theses are capable of outperforming group members as compared to
the older ANALOG ef,.ction tech- individual displays. The large
niques. The RAST2R systems enables displays are judged 15% faster in
a much greater density of data performance time; frequency of
presentation without deterioration errors being the same for both (10).
of image. I suspect that this
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Finally, the overall efficien- inclination to require access to
cy of the system will be due, in such packages for decision making
part to the man-machine compati- increases. Displays make possible
bility and credibility. G. V. access to such data packages stored
Barrett et al (11) discuss three in computers. With individuation of

factors which influence individuals training the coupling of the indi-
satisfaction with the information vidual with the computer becomes
system: 1) training and level of central to the training scenario.
proficiency. 2) Amount of infor- The coupling very often requires
mation in the system to meet task the display. All these are obvious
requirements. 3) Individuals needs for a display technology. To
tolerance for irrelevant material, me there is one bug in the ointment.

Namely, the need emerges after the
This leads me to discuss what individual is interfaced with the

I consider to be the two fundamen- display rather than before it. Our
tal issues facing future display whole problem has been in assuming
hardware, namely, need for the that we can't live without the
display and their tuse, display. It so happens that the

assumption may be partially right.
The issue of need on the sur- Because of our technology and the

face appears straight forward, complex nature of our environment
With availability comes need but we need displays for us to function
the validity of the need we should efficiently intellectually. But,
remember should not be based solely we need the display after we have
on availability. Needs suggests learned to use it. As with the
that there is an insufficiency of automobile, transportation is
some sort, but the nature of the facilitated by the automobile, but
insufficiency is very often a very only after we learn to use it
complex thing; particularly where properly. What is claimed here is
the human is concerned. The dan- that a need for displays is direct-
ger always exists with technology ly tied to its use and particularly
that insufficiency is rationalized to the training that is related to
for the technology rather than the its use. Very often display tech-
result of it. The most probing nologists have totally ignored the
question under display technology training aspects in the development
is the need for it. The reason of the display hardware systems.
for this state is that the human
insufficiencies have not all been The question of how a display
clearly identified or exposed, is and should be used is tied to
with the consequence that display need as discussed previously, but
technology stands bare of apparent there may be a more over-riding
need. factor whichshould concern us here.

When a display technoloov is intro-
With the capability of pro- duced to the user, - tra, d tt use

cessing quickly large amount of theeguipment to accomplish ' job -

data through the computer there is the display is inclined to cn.cnge
a requirement for quick updating of his whole way of looking at his job
presentation. Hard copy readouts in the manner in which he relates to
soon become voluminous and unman- others. Consequently the display in
ageable. Electronic means of pre- the command and control area pre-
senting the data, with option for cipitates new sociological con-
hardcopy then seems reasonable. structs which influence his role as
With greater data packages, the a decision maker, as a user of data,
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just like the printing press changed have remained fascinated with these
the whole complex of the society capabilities without capitalizing
and the culture in the 15th century. on them. Now and then I get a
Why is this so important to display call asking about 3-D displays -
technology? This use of displays what we know about using them.
will change man's estimates of his How often have I uttered the fact
capabilities, of his roles - the that we know little about them -
way that he relates to others and except possibly that there are
these factors will decidely extend differences in individual's capa-
or limit the course of display tech- bilities to respond to depth, that
nology in the next decade. 2-D may be better with displays

in which reading of alphanumerics
I consider the foregoing as an provides greater accuracy than

important factor, but of course extrapolating measurements given
there are other aspects of usage in 3-D. But this is not very much
which cannot be denied - these are indeed. Our experiments should
those that we usually associate deal directly with the individual
with human factors. Some thought difference problem and to uncover
must be given to these in this what these differences are all
paper. First, the fact that display about and under what conditions.
systems will be essentially part of
social systems require that the What applies to 3-D's can
interactive factors in usage be also apply to computer graphics
better understood than at present. and to color. We have reasonable
Much of the human factors litera- capabilities in all these areas.
ture overlooks the fact that dis- Recently, I surveyed the literature
play systems are used in a consor- that would be pertinent to computer
tium of functions and people. A graphics and color and was dis-
display system that is presented appointed to discover that much
to a decision maker for use should of the literature provided nothing
be harmonious not only to his needs, more than an academic understanding

but also to a number of co-decision of the problem and little that
makers who will need to i;hare or would be of help in providing
collaborate in the decision func- direct assistance in a specific
tion. practical problem. I realize

the danger o-f this admonition. I
A display system or sub-system recognize that extrapolation of

should constitute an integrated data from one or two parameter
environment very much like an experiments is a matter of pro-
orcheptration - the purpose of which fessional skill more than experi-
i. LO facilitate function and mental inclusiveness. Yet, I also
decision making. The principles of recognize the danger of false va-
orchestration are very seldom talked lidity that may be harboring around
about in the function of a display conclusions which are based on such
system. data. I'm not too sure we are

giving this sufficient considera
The second aspect of displays tion and serious thought.

which relate to human factors in-
volves the business of getting the In light of what has been said
most out of the capabilities we then what can we conclude about
now have in displays - specifically, the future of command and control
3-D, color and computer graphics, display technology? I believe
It is surprising to me how long we that there is considerable hope
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for further expansion and develop- Finally, the training for the use
ment of display science and tech- of displays has largely been

nology in the next decade. New ignored in the past decade. Dis-
challenges in the area of munici- plays will not become accepted
pal management information systems. '.l people learn how to use them
New areas in military command and and to know exactly what displays
control will provide new require- can do for them. If indeed dis-
ments for data for the display plays are the interface betweei
of information. Much of ;he appli- human intellect and a highly
cations of displays will need to versatile computer system we need

stress the understanding of how to know how we can get the in-
displays can be put together in dividual to use such displays most
well formulated integrated environ- effectively and efficiently. Its

ments. There is a need for expan- on this acceptance, I believe that

sion of current display resources the future of display hardware
which we now possess so that they technology rests. Training,
can be used to their ultimate ex- therefore, cannot be stressed
tent. I refer specifically to sufficiently.
3-D, color, computer graphics.
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2E. SOME COMMENTS ON SOFTWARE DEVELOPMENT

Raymond S. Nickerson
Bolt, Beranoc and Newman, Inc.

Cambridge, Massachusetts 02138

The basic trends on the hard- This paper discusses, in an
ware side of computer technology informal way, several aspects of
tire fairly easy to see: increasing the problem of software develop-
e.)eed, reliability, and memory ca- ment. It touches briefly on a
pacity, accompanied by decreasing variety of software-related topics,
size and component costs. Kahn and ranging from the development of
Wiener (1) point out that the ratio programming languages to the prob-
of memory capacity to memory cycle lem of programming for information
time (which may be used as a rough systems.
indication of processing power) has
been increasing at the rate of a- TYPES OF PROGRAMS
bout a factor of 10 every two or
three years. How long this rate of Programs and programming ac-
growth can be maintained before be- tivities can be categorized in a
ing curbed by fundamental physical variety of ways. Distinctions are
limitations is not yet clear. How- sometimes made, for example, be-
ever, there can be little doubt tween systems programs and applica-
that we will see significant hard- tions programs, scientific programs
ware developments for many years to and business programs, operations
come. programs and utility programs, etc.

My purpose here is not to present
Hardware is only half of the a taxonomy of types of programs or

picture, however; the most pressing programming activity, but to
need for the near future is for the suggest that any such taxonomy
development of software that will should differentiate at least the
permit fuller exploitation of the following.
potential computing power that
already exists. What is needed to - Programs whose function is to
advance the state of the art of in- facilitate the development of other
formation systems, for example, is programs. Translator programs (as-
not so much additional processing semblers, compilers, interpreters)
speed and storage capacity but the fall in this category, as do edi-
development of procedures for tors and debugging aids. Such pro-
organizing, manipulating, interro- grams may be thought of as tools
gating, evaluating, and retrieving for programmers.
data.
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- Programs that are intended to the program that he will generate
be used as components in other pro- will be specific to his problem and
grams. Subroutines (procedures, quite possibly of use to no one but
macros) that are written in such a himself.
way that the user need not concern
himself with the details of their - Integrated special-purpose-
operation, but only with how to system software, as, for example,
call them into action and to supply the total package of programs that
them with the information they need controls the day-to-day operation
to perform their tasks, comprise of a special-purpose system such as
this category. SAGE, TIPI or TOS.

- Programs that are to be used
by non-programmers in their work on Each of the types of program-
substantive problems. Examples in- ming mentioned imposes somewhat
clude ECAP, a program for on-line different demands on the programmer.
design or analysis of electronic Programs that are to be used as on-
circuits (2), NLS, an on-line teAt- line tools by non-programmer5 must
handling system (3), and PROPHET, either be especially well-documen-
a chemical/biological information- ted or self-teaching. Programs
handling system for pharmacologists that are tD be used repetitively on
(4). Such programs may be thought production-type jobs must be coded

of as tools for non-programmer com- so as to minimize running time.
puter users. The main requirement for a program

that is written to solve an

- Programs that are to be used immediate problem is that it pro-
to accomplish (relatively automat- duce the results required; elegance
ically) recurring Jobs. A univer- and coding efficiency are of little
sity, for example, might maintain a concern. The development of large-
collection of programs, each de- scale-system software involves
signed to perform a particular complex problems of file organiza-
task, such as admissions, registra- tion, resource allocation, and
tion, class scheduling, student scheduling. Perhaps the most
records, payroll, and billing, difficult problems in this case

have to do with planning, coordin-
- Programs that are written to ating and integrating the many in-

solve immediate, and relatively u- dividual programming efforts that
nique problems. For example, an the implementation of such a system
experimental psychologist wants to requires. Licklider (5) points
use his computer to control the out, for example, that the program-
data-collecting process in an ex- ming of the SAGE system "took
periment to determine the relative roughly a thousand man-years, and
intelligibility of each of a set of the average output for the entire
words when masked by various types staff was between one and ten 'de-
of acoustic noise. So he develops bugged' and final machine instruc-
a program to accomplish that spe- tions per day" not because of in-
cific task on his particular ma- eptness on the part of individual
chine. He may, of course, make use programmers but because of the in-
of programs of the first type men- herent difficulty of the under-
tioned above and of subroutines taking and the "essential inco-
that have already been written by herence, insofar as complex and
himself or others in connection highly interactive procedures are
with other-mot necessarily similar concerned, of lar§e, hierarchical
--computer applications. Kwever, staffs of people.
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THE DEVELOPMENT OF will accept as input a program writ-
COMPUTER LANGUAGES ten in "human language" if that

term is taken to mean the language
Computer programming may be di- of everyday speech. However, num-

vided into two rather different erous languages have been invented
types of activity: (a) developing that have more in common with nat-
effective procedures for performing ural language than do the binary
tasks, and (b) expressing those pro- codes in which information is rep-
cedures in a code suitable for ma- resented within the machine. If we
chine execution. The second actlv- were to trace the history of these
ity is considerably less interesting languages, we would see a number of
than the first and is necessary only developments, each of which tended
because of the fact that the "ones to decrease the disparity between
and zeros" symbology that is used to the type of symbology in terms of
represent information within the ma- which a man likes to think and that
chine is different than that in which the translator is able to ac-
terms of which a man is accu a Lt cept as its input.
to think. Thus, if a man ir +o -r -
municate effectively with tl c. Perhaps the first step that
puter, and vice versa, a tranb.- was taken in this direction was
tion, or transformation from one that of representing programs with
symbology to another, must take octal, instead of binary, numbers.
place. The history of the evolution Trivial as this step may seem, it
of computer languages may be sum- was a significant move in the
marized by saying that the burden direction of naturalizing the sym-
of this translation process, which bology with which the programmer
originally rested entirely on the must deal. Consider the problem
man, has been shifted more and more of writing a program for a computer
onto the machine, that has, say, an 18-bit word

comprised of a 6-bit operation code
No one has yet succeeded1 in de- and a 12-bit address. It is much

veloping a translator program that easier for a man to remember that

"42" means "add" and "43" means
1. A distinction should be made be- "subtract" than for him to remember
tween a language an! its associated that these operations are coded as
translator prog-.:m(s). The language "100010" "100011". Sinj1arly, it
is defined by is symbols and its is easier for him to wite 3214 to
rules of coposition. A translator refer to a particular memory regis-
program is a program used to trans- ter than to write 011010001100.
late a program that 4 written in a
computer language intc a function- The next logical step was to do
ally equivalent program expressed in away with the numerical representa-
machine code. A computer language tion of instructions entirely and
is relatively machine-free (when one replace them with a symbology that
writes a program in FORTRAN-4, he- was still easier for the programmer
theoretically-should not have to be to use. If the octal number 42
concerned about the machine on which could be used to signify "add," why
the program will run); a translator could not the letters a d d? This
program is not (the program that meant developing a program that
would translate FORTRAN-4 for an could accept a d d as an input, con-
XDS Sigma-7 would be very different sult a table of such symbols for an
from one that would do the same interpretation of that particular
job for an IBM-1130). one and make the appropriate machine
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code substitution. Thus, mnemonic such things, and write simply C -
codes made their appearance on the A 4 B, which, translated into Eng-

scene, and programmers started lish means "add the value of (the

talking to the computer with words variable called) B to the value of

such as lac (load accumulator), dac (the variable called) A and set the

(depoe't accumulator), add, sub, value of (the variable called) C
mul, and, not, and JmP. equal to the result." With this

sort of symbology the translator

Clearly program must be able to transform

lac 3214 a single symbolic statement into

add 3215 several machine code statements.
a 3215 Translators that had this capability

became known as compilers. (The

is a more convenient code to deal term compiler now has a more pre-
-with than cise meaning, because there have

203211. been developed other types of many-

403215 for-one translators from which com-

243604 pile ;s must be distinguished.)

If mnemonic codes could be Subsequent innovations have
used to represent instructions, been too numerous and diverse to

then why not use them to represent permit tracing them here. Perhaps

addresses as well? Would it not be a reasonable way to get some ap-

helpful to be able to say preciation for how languages that
are currently used differ from each

lac A other is to look at the same pro-
add B gram expressed in several of them.

dac C ? I asked several individuals 2 to
write a short program in a language

This capability, although more with which they were familiar, to

difficult to implement than were generate a table of factorials
mnemonic instruction codes, was starting with 0! and ending with N!

developed in due course. The use where N is a number to be obtained
of mnemonic operation codes and from the user. Specifically, the
symbolic addressing were character- program was to request from the
istics of the type of translator user the value of N, make sure that

referred to as an assembler, N is a positive integer (and return

Another defining feature of an an error message and start over if

assembler was that the transforma- it is not), skip two lines, type a
tion from symbolic to machine code table heading, skip another line,

was made on a one-for-one basis: generate the table (without using a

one symbolic statement translated preprogramned factorial function if

into one machine code statement. one was available), skip two more
lines and stop. F gure 1 shomrs
several of tle resulting prog -ams.

The next significant advance
was the departure from the one-for- This selection of languages is

one translation principle, a step
if that opened up the door to the de-

velopment of translators that vuld mainly by the availability of prc-ve o m n f r n l t rs t a o l grammers . 1 't should also be

be far more convenient and paw',rful

than assemblers could be made to 2. I am indebted to Douglas Dodds,
be. Now it became possible to for- Elaine Thomas and Jim Goodwin for

get about "lacs" P'1 "dacs" and their help in producing these ex-
amples.
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pointed out that the particular we not say, in detail, what consti-
problem chosen tends to show alge- tutes an ideal language for a par-
braic languages to advantage. By a ticular type of application, we do
different selection one could show not even know how to evaluate, in
LISP, or perhaps COBOL, in a more any very satisfactory way, the lan-
favorable light. The point of this guages that exist.
comparison, however, is not to per-
mit a critical evaluation of the Consider, for example, the
languages, but simply to provide problem of comparing any two of the
some appreciation for the variety of languages represented in Fig. 1.
ways in which the same procedure can Among the factors that one would
be represented. Although the ex- want to take into account would be
amples do not reveal all or even the following: the basic opera-
most of the ways in which these par- tions that are allowed, the rules
ticular languages differ, they do of syntax, the conventions for hand-
make it clear that from the user's ling subscripted variables and ar-
point of view there are differences rays, output formatting techniques,
and they are substantial ones. provisions for subroutine (proce-

dure, macro, function) definitions
LANGUAGE EVALUATION and use, program segmentation and

organization conventions, provision
The development of computer of preprogrammed functions and pro-

languages has reached near-epidemic cedures, error detecting and edit-
proportions during the past ten ing capabilities, language modifi-
years. As a consequence, there is cation possibilities, and manuy
now a sufficient number available to others. But how does one determine
present the fledgling computer user the relative importance of such
with a bewildering selection prob- factors--and, even more basically,
lem. Would it not be better to have who decides such things as what
fewer languages, each more carefully basic operations should be provided,
designed? To be sure, one can argue what conventions for handling sub-
that it may be unrealistic to expect scripted variables should be a-
that one language could be developed dopted, etc?
that would be well-suited to all ap-
plications. Surely, however, we do One might get judgmental rat-
not need the several hundred that ings from experienced programmers.
now exist. It seems clear that a But, how does one control for bi-
tremendous amount of programming ef- ases and the importance of the pro-
fort today is spent on writing pro- grammer's own idiosyncratic exper-
cedures that have already been writ- ience? Or, one might teach novices
ten--albeit perhaps in different how to program in different lan-
languages. If fewer languages guages and obtain objective perform-
existed, would it not be easier for ance measures, such as time required
programmers to complement each to write and/or debug a program, or
other's efforts more and duplicate number of errors made. But
them less? language features that are advan-

tageous for the novice will not nec-
The problem is that we do not essarily be so for the expert. And

know enough about what constitutes so on.
a good language. Assuming that come
modicum of standardization may be a In short, the problem of eval-
desirable thing, who is to say what uation is a difficult one. However,
the standards will be? Not only can the great disparity between the
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amount of effort that has been, and are not themselves manageable,
is being, devoted to the development then they are broken down still
of new computer languages and that further. This process is con-
being devoted to the development of tinued until tasks are discovered
methodologies for evaluating lan- for which subroutines can be writ-
guages that exist is unfortunate. ten. Once a small task is pro-
This is not to argue that creative gramed, the subroutine for it can
activities on the part of language be used as an element in the solu-
developers should be discouraged, tion for the larger prcbl;a. And
but simply to suggest that the eval- one goes back up the same path he
uation problem is being neglected came down. In short, the use of
and, quite probably, to everyone's subroutines makes it natural for
loss. the programmer to attempt to break

the difficult problem apart, find
THE PRINCIPLE OF SUBROUTINIZATION ways to solve the easier component

problems and then put these solu-
A subroutine may be thought of tions together in an effort to

as a program segment that has a name solve the composite problem.
and performs a particular task. The
use of closed subroutines accomp- A second thing that the use of
lishes three important things for closed subroutines accomplishes is
the computer user. First, it sim- a very significant economizing of
plifies the problem of thinking computer storage. It is invariably
about and constructing complex pro- true in complex programs that some
grams. Most computers have a rela- tasks will have to be performed on
tively small set of very simple op- several occasions. For example, in
erations that they can perform, such a program for performing a statis-
as copying the contents of a speci- tical analysis, it might be neces-
fied memory register into the "ac- sary to compute a mean or a stand-
cumulator," copying the contents of ard deviation many times, each time
the accumulator into a specified with a diff~rent set of data. One
memory register, comparing the con- can see the implications for stor-
tents of two registers, adding the age requirements if the coding for
contents of two registers, and accomplishing this task appeared in
shifting the contents of the the body of the program at every
accumulator left or right a speci- point that the computation was re-
fied number of bits. One gets the quired. If a subroutine is used to
computer to do complicated things perform the task, however, it need
by putting together an incredibly appear only once, and it may be
large number of such simple opera- used as many times as necessary.
tions in an appropriate order. But The requirement that the subroutine
the step from such basic operations be written in general or closed
to a complex program, such as would form is clear from this example. A
be required to operate the TOS routine written specifically to
system, for example, is a very compute the mean or standard devia-
large one. The trick that program- tion of 360 scores stored beginning
mere use when faced with the prob- with memory register 1726 would be
lem of developing a program that of very limited use.
will perform a complicated task is
to attempt to break the task into A third advantage that comes
subtasks, and to try to develop with the use of closed subroutines
subroutines that will accomplish is the possibility of building a
the latter. If the subtasks library of procedures that is
that result from this decomposition
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specifically tailored to one's own THE ACTIVITY OF PROGRAMMING
computational needs. Once a sub-
routine is properly written it need Textbooks on programming often
never be written again (at least as give one the impression that pro-
long as one works with the same com- grammers are paragons of efficiency
puter system). The user need only and that programming is a by-the-
remember what the routine does and numbers operation. First, we are
how it is called into action. Thus, told, one defines the task that the
by enlarging his program library, a program is to perform. Second, he
programmer acquires a more and more develops a flow diagram in which he
powerful bag of tools. Each time identifies the program's major func-
that he writes a new applications tional components. Third, he elab-
program, he will have more prepro- orates the initial flowchart by de-
grammed subroutines to call than he veloping each of the boxes on this
had before. In many cases, writing chart into a flowchart which details
a new program may mean little more the ingredients of that box. (If
than producing a sequence of "calls" the program is sufficiently complex,
to existing subroutines, this step may be iterated, carrying

the flowcharting down to one more
A user's subroutine-library ac- level of detail each time.) Fourth,

quisitions need not be limited to when the flowcharting is complete,
routines that he himself writes, the composition of the symbolic
Conversely, when he develops a gen- program is begun. The lowest order
erally useful routine, he could be flowcharts are used to guide the
enlarging other libraries than his writing of code in the language (e.
own. Unfortunately, subroutine g., FORTRAN, COBOL, LISP) appropri-
sharing has proven to be more diffi- ate to the system, the task and the
cult than one might expect. There programmer. Fifth, when the writing
are the problems of communication is finished compilation is attempted
(letting potential users know that and, if successful, the program is
a particular procedure exists), of loaded and run. If compilation
documentation (letting users know fails, the necessary syntactic cor-
how to use it), of verification (de- rections are made and compilation
termining that a procedure works is attempted again. Sixth, logical
properly under all contingencies), errors are identified and corrected
and of language and/or system com- (the program is "debugged"), and the
patibility (adapting procedures that programmer's job is done. So the
were developed for one language or textbooks say.
system so they work with another).

Don't believe it. Programming
The Association for Computing is a fluid and highly individualized

Machinery has taken steps to facil- activity, the essence of which can
itate the sharing of subroutines, not be captured in a by-the-numbers
As of Jute 1970, the Communications procedure. Each programmer brings
had published 384 algorithms that to his task his own style of think-
have been submitted by the journal ing about a problem and of working
readership. The procedures are toward a solution. As often as not,
published in ALGOL. The problem of the very first objective thing he
verification is handled by the sub- does is to write a program statement.
sequent publication of "certifica- He is likely to begin in the middle
tions" and "remarks" by users. of a program (where the work gets
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done) and proceed toward both ends. binomial, normal, exponential,
Flowcharting is very likely to be Poisson, hypergeometric distribu-
done after the program is written, tions. He then discovers that
if at all, and then only for the for certain parameter values a dis-
sake of documentation. Writing pro- tribution can look very flat when
grams is fun; documenting them is scaled on a graph whose ordinate
not. (Failure to document, however, goes from 0 to 1. So he decides to
can create problems for the author add a y-axis scaling module to his
of a program, as well as for other package, thus giving the user the
users. It is not unusual for a option of seeing the distribution
programwer, while in a fit of de- on a graph that goes from 0 to 1 or
vious creativity, to produce such a from 0 to the maximum value repre-
"clever" code that he cannot under- sented in the distribution. A user
stand it himself when looking at the comments that he would like to have
program six months later.) Coding the ability to convolute distribu-
changes and program reorganizations tions, or to mix them in specified
will be made more or less contin- proportions and observe the compo-
uously as the prograer discovers site distributions that result. So
ways to improve or "elegantize" his the programmer begins to extend his
work. package in that direction. And so

it goes. The point is that in many
It is obvious that no one would programming situations, one learns

begin to write a program without by doing. One begins by getting
knowing, in a general way at least, the computer to do something that
some of the things he wants the pro- is at least remotely related to
gram to be able to do; what in io uhat one thinks he wants it to do
apparent to people who have done no eventually. He then gets insights
programming is that programmers fre- as he goes along, not only about
quently begin developing a program program organization and the details
with only a very fuzzy idea of what of coding, but also about goals and
the final product will be. This is objectives. Evolution is at least
not because of impatience or an as important a factor in the
innate inability to plan, but rather development of complex programs as
because it is often the case that is design.
one cannot see a goal clearly until
he has moved some distance towards What is true of the individual
it. Thus, for example, one might programmer in this regard is equally
want to develop an interactive true of team programming efforts.
graphics-oriented program to help Computer-based systems are invari-
teach a course on the behavior of ably developed in a dynamic milieu.
random variables. He does not know, The state of the art is advancing as
to begin with, which concepts will the system is being developed, and,
be most effectively taught with dy- hopefully, the development of the
namic graphical displays nor pre- system is contributing to that ad-
cisely what the displays should look vancement. If one does not want to
like that he does think the system end up with a system that is a mu-
should have. But he perhaps does seum.piece by the time it is opera-
know, say, that it will be important tional, sufficient flexibility must
to display various probability dis- be maintained to permit developers
tributions, and this is enough to to capitalize on state-of-the-art
get him started. So he writes pro- advances that occur and insights
grams that will display on command, that are gained as the work pro-
and for specified parameter values, gresses. One does, of course,
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attempt to identify user require- SOFTWARE FOR INFORMATION SYSTDS
meats insofar as possible before
launching a development project. The function of an information
What seems to be proving true time system is to provide a user with
and time again, however, is that it information that he wants, when he
is not possible to specify in ad- wa~nts it, and in such a form that
vance the details of the operation he can make effective use
of the final system. It is mainly of it. In order to perform this
through the use of a functioning function the system must not only
system that one becomes acutely a- possess the infcrmation that the
ware of other capabilities that it user wants, but it must have ways
would be useful for the system to of getting that information before
have. If this is an accurate ob- the user. The first problem is the
servation, the implication is clear; problem of acquisition, and is be-
The most reasonable approach to the yond the scope of this paper. The
development of a computer-based sys- second one, however, is largely a
tern is an evolutionary one. The software problem, two important
strategy should be to produce a sys- aspects of which are: (R. data
tem quickly that will do som of the organization, and (b) datu manip-
things that the final system, as ulation and query proced ares.
initially envisaged, will be able
to do, and to build incrementally Data Organization
upon that.

A key problem in any computer-
This approach has two distinct based information system is that of

advantages. First, the work of ac- determining how the data base
tually programming a system is the should be organized within the com-
best antedote there is to the over- puter. The problem is particularly
ly ambitious flights of fancy that acute when one aspires to use the
a system designer may find it easy computer to aid the process of in-
to take when too far removed from ductive thinking in a context in
day-to-day implementation of his which the data are largely non-
plans. Secondly, a functioning quantitative, diverse in subject
system, or functioning system con- matt:, of uncertain reliability
ponents, are made available to and time varying. How does one
users very early in the system de- arran.e such a data base to facili-
velopment process. Both planning tatzh discovery of imp. rtant
and development can profit from the b;.- r" on-obvious relationships?
insights that can come only from
the interaction that this makes Before considering briefly
possible. The considerations that some data-organizing techniques,
will determine whether or not the two distinctions should be made.
system will in fact be useful have First, we should distinguish be-
a chance to force themselves on the tween the logical or "natural"
system developers, while there is structure of data and the organi-
time to act constructively upon zation that is imposed on data for
them. the purpose of storing them within
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a machine. It is the latter with active one for some time to come.
which we are concerned here; how- The following are illustrative of
ever, it will be recognized that he the many organizational schemes
two are not entirely independent. that have been used in various ap-
Second, we should distinguish be- plications.
tween two types of data: 

(a) opera-

tional data (the data that the sys- Property Sets. Often a file
tern is designed to manage, and (b) can be thought of as a collection
organizational data (data that are of atoms, each of which has associ-
used to accomplish the management). ated with it a set of properties
An example of organizational data (attributes, descriptors). For ex-
would be a directory or dictionary ample, a phone book may be thought
that lists the addresses of data of this way: the atom in this case
items (see section on Inverted Lists is the name of an individual; the
below). The directory does not con- properties are street addresses and
stitute a part of the operational phone numbers. A census file might
data base, but contains data about well be organized in this fashion,
the way in which the operational the name of an individual again be-
data are organized. The ratio of ing the atom, and such things as
organizational to operational data age, sex, residence, occupation and
might be an interesting measure with education, being properties.
which to compare different organ-
izational 3chemes. With some types This organizational scheme is
of organization, it is quite pos- economical in terms of storage use.
sible for the organizational data It facilitates retrieval on atoms,
to require more storage than the op- i.e., the reporting of properties
erational data. (Minimum storage of specified atoms. Retrieval on
requirement is not necessarily a properties (reporting atoms fitting
desirable goal. One may choose to specified descriptions) requires a
use up more storage in order to in- search. Algorithms are easily de-
crease the accessibility of informa- veloped, however, to conduct such a
tion.) search, e.g., to determine the ed-

ucational or occupational profile
Considerable attention has been of a community, t-P investigate the

given to the problem of data organ- ratio of male to female workers, or
ization in the recent past, and this the age distribution for various
area is likely to remain a very occupations. Listings of sub-

sets of the data base, e.g., names
3. There is still another aspect of female dentists in a specified

of the problem of data organization, geographical region, of all college
namely the question of what sorts professors under 30 years of age,
of conceptual data structures are are readily produced.
optimal from the point of view of
thinking about data and the rela- At least certain parts of a
tionships between them. More gen- tactical intelligence data base
erally, the question of what sorts might be effectively organized in

this fashion. For example, one wayof conceptual models a programmer

uses to represent both the organi- to conceptualize a tactical data
base is in terms of a geometriczation and the dynamics of his pro-

gram is a particularly interesting nodel, each atom being represented
one for the cognitive psychologist as a point in space time. (What
to consider. this means in terms of data
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representation within the computer result of data becoming obsolete is
is that each atom has associated readily recovered for use in new or

with it a time tag and a pair of active lists. These advantages are
spatial coordinates. ) A slicL not obtained without some cost, how-
through this space, orthogonal to ever. The necessity for storing a
the time dimension, would produce pointer with each list item can
a set of points which could be the make a significant demand on stor-
basis of a map overlay representing age space if the list items them-
a tactical situation at a partic- selves tend to be very short, i.e.,
ular point in time. In addition to if the lists tend to be composed of
the position and time tags, with many very short (single computer
each atom, there could be associated word, say) items vs. a few longer
a set of descriptors; for example, ones. Also, unless the entire data
in the case of armored vehicle base is organized as one long list,
sightings, such descriptors might some bookkeeping is necessary to
include vehicle type, direction of keep track of where lists begin
movement, and, in general, any pro- and/or end.
perty appropriate to the descrip-

farmored vehicles. The simple list structure can

Such a data-base organization be elaborated in a variety of ways.
should be particularly well suited For example, by storing several
to the interactive generation of pointers with each data item, one
situation displays. The man and the can treat any given item as a mem-
computer in collaboration could ber of several lists. Thus,
essentially construct "overlays" in pointer #1 might determine its po-
terms of space-time boundaries and sition in one list, and pointer #2,
any of the other descriptors in its position in another.
terms of which the data are tagged.
Thus, if one wanted to get a picture A data item itself may be or-
of trends with respect to vehicle ganized as an atom with a property
activity over some time period, and set (see preceding section). The
within some geographical region, he properties of a given atom could, of
cculd have the computer generate course, be stored as a simple list,
and display a sequence of "overlays' but need not be. In addition to
each of which showed sightings of being associated with its atom, a
specified vehicle types during property might be an item in a list
successive time periods of a speci- that cuts across atoms. Thus, one
fied duration. could think of lists running

through the property sets.
Lists. In a simple list struc-

ture, each item "points" to the next In the simplest list struc-
item in the list to which it belongs. tures, pointers go in only one di-
Thu., items that are contiguous in rection; however, it is possible,
a 1k.ical sense need not be stored and sometimes advisable, to have
in contiguous regions of the com- them going in both directions--to
puter's memory. The simple list have each item point to its prede-
structure has several advantages. cessor as well as to its successor.
It permits one to make use of small This is particularly helpful when
storage regions that may be avail- items are allowed to be members of
able throughout the computer's mem- more than one list. One deletes an
ory. Records need not be of uni- item from a list by simply changing
form length. Modification of an the pointer of the item that pre-
existing list is straightforward. cedes it in the list so that that
Space that becomes available as a
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item no longer points to the one then 18 comprised of a set of prop-
that is to be deleted, but to its erties (key words) with each of
successor. When an item that is a which is associated one or more ad-
member of more than one list is to dresses of data atoms.
be deleted from the data base, itis necessary to make this change his sort of organization can
with respect to all the lists of facilitate the search for topical

withrespct t al thelist of information; one need simply scan
which it is a member. Since, nor- indexaassuin the t the in
mally, one gets to a particular the index, assuming that the index
item on a list by following the is sufficiently well developed topite s on alsth bel ing ofth t constitute an adequate descriptionpointers fron the beginning of that oftectnsofhedtba.

list, it will always be easy to of the contents of the data base.
identify an item's predecessor on Disjunctions and conjunctions of
the list that was followed in get- data sets are readily identified
ting to that item, but, how does by simply combining the pointers
one then find the location of the associated with two or more prop-
items that precede it on other erties, or taking those that they
lists to which it may belong? With- have in common.
out backward pointers, this can bedifficult. A data base that is organized

as an inverted list is easy to add
Another variation of a list to, but difficult to purge.

structure is a ring-which is a
list that closes on itself. The
last item in the ring points to Choosing A Data Organization
the first. Thus, with a ring
structure, one can get from any Two major questions should be
item to any other item on the ring asked when trying to identify or
-including preceding items. The develop an organization that will
ring is more economical of storage be well suited to a particular
than is the use of two-way pointers, application. (a) what is the nature
however, it is more demanding of of the data, and (b) what operations
the computer's time. Finding the are to be performed on them? Both
immediately preceding item in a of these questions subsume a host
ring is like traveling east to get of others.
to the town immediately to the west.

Regarding the Nature of the
n iiData. Are the data quantitative?timesrcalle iansinvertd ilistmor- Do they have an obvious inherenttimes called an inverted list or-

ganizatlon is a variation - an structure? Are they readily par-
inversion - of the property set titionable into categories? Are
organization described above. In- the categories overlapping? (As
stead of storing a set of proper- examples of overlapping categories,
ties along with each atom, one consider a file that contains sev-
stores all of the properties that eral items of information-e.g.,
are descriptive of any of the atoms age, sex, occupation, annual in-
in one place--an index. To each come, education, state of resi-
property one then attaches the ad- dence--an some segment of thedresses of (pointers to) the names United States populace. One mightof the atoms for which that want to be able to categorize theof he tom fo wh ch hatprop- f l n r e n t r s o n n
erty is descriptive. The index file entries in terms of any one

95



or combination of these properties.) I want to know who was president of
What will constitute an item--vr the United States in 18 3. Such
atom-in the data base? Will it be information is easily obtained, be-
feasible or convenient to put all cause people who write U. S. history
data entries into one or a few books assume that readers are in-
standard formats? How stable is terested in such things as terms
the data base likely to be; will of office of presidents, and they
items want to be retained for long make such information easy to find.
periods of time, or will they tend Or, suppose that I want to know
to become rapidly obsolete, so that which U. S. presidents became pres-
purging and updating will be crit- ident via the vice presidency.
ical problems? Still relatively easy. Even if I

I cannot locate an explicit answer
Re the Operations that are to to the question, I can obtain one

be Performed. What is to be done at the cost of the effort required
with the data once they have been to conduct a straightforward
entered into the data base? Will search. I would probably consult
it be sufficient to be able to re- a reference, or history, book, that
trieve them in precisely the form I would consider to be likely to
in which they were entered (as, for have a list of presidents and their
example, one could do in a card terms of office. Having found such
file), or is some ability to mani- a list, I would then scan it, ap-
pulate, reorganize, aggregate and plying the knowledge that the term
interpret data a requirement? Will of office for the president of the
it be desirable to be able to an- United States is four years, that
swer questions that cannot be an- a term normally starts on the year
ticipated? following a year that is divisible

by four, and that no president has
Data Manipulation and Query been removed from office before his
Procedures term expired, except by death.

Again, what makes the problem sin-
it is one thing to get data ple is the fact that data regarding

into a computer, and quite another presidents are often organized on
to be able to do something inter- the assumption that people are in-
esting with them once they are terested in dates. Now suppose
there. Storing the contents of the that I want to find out how many
Encyclopedia Britannica inside a U. S. Secretaries of State were
machine would not be a difficult fluent in some language other than
task, but what can one do with them English, or had at least one for-
once they are stored? Clearly not eign-born parent, or failed to
much, unless he has available some finish college. The answer to
useful interrogation procedures. these questions will quite prob-
But what constitutes a useful in- ably prove to be somewhat more dif-
terrogation procedure? ficult to find, because history

books are not commonly designed
The difficult problem with such questions in mind.

is to provide one the capability
for obtaining answers to questions The information-retrieval
that are not anticipated by the techniques that have been developed
designers of the system. This ob- to date are, for the most part,
servation is equally true when ap- limited to retrieving answers to
plied to the process of manually questions similar to the first, or
extracting information from a li- possibly second, example. Few, if
brary. Suppose, for example, that any, can cope effectively with
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questions that were not at least developed within the original cost
implicitly anticipated by those and schedule estimates and still
who developed the system's data met its original performance ob-
manipulation techniques. Jectives" (p. 5). And Armer (8)

supports the idea that the major
ESTIMATING THE COST OF problems have been related to

SOFTWARE DEVELOPMENT software: "For large systems the
largest single factor contributing

Perhaps the greatest danger to long lead times is most prob-
in planning the development of ably the computer program itself,
computer software, particularly even when fairly complex hardware
systems software, is that of under- must be developed and produced"
estimating costs. The tendency (emphasis his).
to underestimate the magnitude of
the problem of developing a new I did not intend, by calling
computer system seems to be a attention to costs, to end this
nearly universal failing among paper on a negative note. What I
system developers. Even extensive want to emphasize is not software
experience is no guarantee of costs per se, but the apparently
accurate est.mates. Licklider (6) universal tendency to underestimate
points out, for example, that "IBM's them. The question of why :e have
announced aspirations for TSS (its not been able to arrive at more
time-sharing supervisor for the accurate estimates is an inter-
360/67 computer), once scheduled esting one, from a psychological
for initial release in September point of view, but not one we will
1967, were markedly reduced, with attempt to answer here. One thing
some features being dropped al- about software, however, is cer-
together and others deferred. The tain: if one intends to use the
MULTICS system, originally sched- computer, he cannot do without it.
uled for limited operation in a
GE 645 computer during the summer REFF/RENCES
of 1967, ran for the first time-
in a slow and faltering way with a 1. Kahn, H. & Wiener, J. The year
single typewriter console-on 2000. New York: MacMillan Co.,
December 5. GE evidently closed 1967.
out its effort to develop inter-
active multi-access hospital in- 2. 1620 electronic circuit anal-
formation systems based on its yslis program: User's manual.
Series 400 computers.." Note that IBIM Corp., 1965.
in each of the cases the machinery
existed; the major problems were 3. Engelbart, D.C., English, W.K.
"soft" ones. & Rulifson, J.F. Development of

a Multidisplay, Time-shared

Other testimonies to the Computer Facility and Computer-
difficulty of accurately estimating Augmented Management-System
the costs of computer-based sys- Research. The Stanford Research
tems are easy to find. For ex- Institute, Proj. No. 5919,
ample, Wolf (7) notes that to have April 1968.

costs exceed estimates by several
hundred percent has not been 4. The FROPHET system. Final re-
unuasual. He claims, referring to port prepared jointly by Nat.
military command-information Inst. of Health & Bolt Beranek
systems, that "no major system was and Newman Inc., under NIH

Contract Nco. 70-4113, 1970.
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. icklider, J. C. R. Artiicia. ionf1V.Cion1 science and tech-
intelligence, military intL]- n 2L, 1968.
ligence, and command control. 7. Wc-f, E. W. CommAnd informa-
In Bennett, Degan & SpiegTl tion systems: What was pro-
(eds.), Military information mised, what we have, and what
systems, New York: F. A. we need, Pulse, 4., 1969.
?raeger, Inc., 1964.

8. Armer, P. The use of con-
6. Licklider, J. C. F. Mar-com- puters. In E. S. Quade (ed.),

puter comunication. In A. A. Analysis for military decisions,
Cuadra (ed.), Annual reviei of Chicago: Rand McNally, 1964.
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CHAPTER 3
HOST SESSION

Chairman: Richard T. Cassidy. Major General
Commanding General, U.S. Army Air Defense Center

and Fort Bliss, Texas 79916

3A. AIR DEFENSE IN THE FIELD ARMY

(Unclassified Abstract)
Harry B. Stoudemire, Lieutenant Colonel; Francis C. Collins,

Major, and Thomas J. LeClair, Major
U.S. Army Air Defense School

Fort Bliss, Texas 79916

INTRODUCTION es equipment and tactics; Hawk
equipment and tactics; Chaparral/

Mission and objective of air Vulcan equipment and tactics; Red-
defense; history and development eye equipment and tactics; family
of air defense, of weapons concept.

THE THREAT SAFEGUARD

Aircraft inventory of commun- Major subsystems; deployment
ist countries; communist air def- options and tentative locations;
ense organization; air defense in scheme of operations.
North Vietnam.

FUTURE DEVELOPMENTS
WORLD-WIDE DEPLOYMENT

SAM-D; outlook for air defense;
Locations in oversea areas and summary of presentation.

in the Unite States Army Air Def-
ense Command (ARADCCK); air defense
systems in the inventory.

QUESTIONS AND ANSWERS
AIR DEFENSE TACTICS

Team members will answer
Types of defenses; Nike-Hercul- questions by the audience.
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3B. THE EFFECTS OF HUMAN ERRORS IN
ARTILLERY ON COMMAND AND CONTROL

(Undassied Abstrad)
Gary L. Horley

Human Engineering Laboratories
Aberdeen Proving Ground, Maryland 21005

The ac4Uisition, communication, accomplish a surprise-fire mission.
application and interpretation of This investigation determined
information are important aspects the ability of a battalion of self-
of the command and control of any propelled howitzers (14-109) to
military organization in accom- deliver surprise fire to a point
plshing its mission. A recent target. The performance of three
field study by the Human Engineer- artillery battalions of M-109 self-
ing Laboratories (HEL) at Aberdeen propelled 155-- howitzers from the
Proving Ground, Maryland, revealed 1st Armored Division at Fort Hood,
that information management ranks Texas, was measured. The total
with training, discipline, morale system and subsystem accuracies were
and administration in its effect computed, analyzed and compared with
-~ how well an artillery unit can results from previous studies.
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CHAPTER 4
HUMAN FACTORS IN TRAINING

Chairman: Edward M. Hudak, Colonel
Headquarters, U.S. Continental Army Command

Fort Monroe, Virginia 23351

4A. INTRODUCTION

Edward M. Hudak, Colonel
U.S. Continental Army Command

Fort Monroe, Virginia 23351

INTRODUCTION where done, are applied to solve

Army problems. Individuals are
A most apftopriate beginning needed who are experts in scientific

for the CONARC sessions lies in the and military fields. They bridge
thoughts of the CONARC Commanding the gap between research results
General, General James K. Woolnough, and ideas and practical military
as he closed his address to the applications.
conferees at the 13th annual Army
Human Factors Research and Develop- "Such experts minimize the
ment Conference: "...in your accom- lead time between the generation
plishments - in terms of our of a scientific concept and its
achievements - lies the basis for Army application. They must con-
CONARC's continuing interest in the tinually make critical evaluat-
behavioral and social sciences R&D ions of new ideas or research
program and of our continuous results to determine their applic-
search for ways and means to improve ability to Army problems."
our training ability.

"This statement is perhaps a
"But, just because the past good one on which to terminate my

record looks good, we are not satis- keynote remarks to this distinguish-
fied to sit on our backsides and ed audience. I think it is a
view with pride that which has al- pretty fair summary of what should
ready been accomplished. We must be expected of the military experts
find ways to exploit more fully in this field and I will not attempt
research results, and to guide new to embroider on it. But I can as-
research along lines most valuable sure you, military and civilian
in meeting the Army's objectives, alike, of CONARC's full support of
Permit me to quote from a report your projects which could lead to
prepared by the Army Research a better accomplishment of the
Council which was published in late people-oriented CONARC mission."
spring of this year:

This then is our thesis for
"Active involvement of the Army today - how to increase and improve

in science and research uhould as- the rapport between the researcher
sure that the results of research, and the user, the soldier-scientist
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team. This soldier-scientist team The research funds will be approved
has achieved notable improvements only to the extent it supports a
for the Individual, in the field of validated military service objective.
both rcaining and combat'perform-
ancc. Increased interaction will The CONARC sessions represent
assure a constant and dynamic mili- the span of such consideration.
tary effort supported by timely and Using the Safeguard system as our
diligent research to meet the chal- vehicle, we will examine the whole
lenge of maximizing America's most system by way of an orientation and
potent weapon and precious resource exposure to the full expanse of the

- man himself. command and control problems. The
next phase will provide you a det-

CONARC offers the most unique ailed exposure of difficulties en-
and complete research laboratory in countered in developing the manning
the whole people business. It be- and operation, operation of the
comes the most productive when a system and the training planning -

sense of urgency and need for a and the critical need for your type
close union is reflected between support and assistance. Then fin-
those charged with advancing know- ally, a still closer look at the
ledge and those charged with apply- scientific effort now on-going
ing this knowledge as quickly as which will make a major contribut-
possible. ion to evoking the Safeguard into

a more potent, effective weapon
The soldier-scientist inter- system.

action has made the U.S. Army of
today a powerful weapon - better It is abundantly evident that
equipped and better trained than we prefer to think in terms that
ever before in the history of war- communications gaps do not exist,
fare. This interaction begins with either between members of our
an identification and isolation of soldier-scientist team or along our
the military equipment - by the command and control systems. Rath-
soldier-scientist team: What is the er we adopted a more positive at-
knowledge gapt What is the obstacle tack in the form of thinking of
to progress? The interaction con- avenues and barriers to communic-
tinues as the research and study ation. Some of the avenues are one
progresses. This interaction as- way and should be two. And if the
sures early identification of im- command and control messages are

provements and promising training, not getting through, we search for
training device innovations and and identify the barrier - and
results in timely translation of clear the way for understandable
research findings into militarily and mutually receptive communicat-
usable products. Application of ion. Additionally, we address the
research findings actually begins matter of advanced technology, from
long before the report is written a commander's viewpoint - to say
and published. Thus, soldier- that commanders fear technology is

scientist interaction steers patently ridiculous.
science and technology to a better
payoff. Such interaction assures In discussing the "Battlefield
to the fullest the advancement of of the Future," the U.S. Army Chief

military expertise through an inter- of Staff, General William C. West-

active, knowledgeable coupling of moreland, said:
the scientific state-of-the-art -
and it will meet Congress dictum: "In summary, I see an Army
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built into and around an integrated tem that materially assists the
area control system that exploits tactical commander in making sound
the advanced technology of commun- and timely decisions .... to succeed
ications, sensors, fire direction in this effort we need the scient-
and the required automatic data ific and engineering support of
processing - a system that is both the military and scientific
sensit4-,e to the dynamics of the cc"munities .... I believe our future
ever-changing battlefield - a sys- path has been clearly blazed."

103



4B. DESCRIPTION OF SAFEGUARD SYSTEM
AND PLANS FOR TRAINING

Harold C. Ferguson, Lieutenant Colonel
SAFEGUARD Training Facility

Fort Bliss, Texas 79916

The Safeguard System now being are extremely fast in operation
deployed by the United States is and able to handle numerous targets
not a new system. It is the out- simultaneously. The Nike-X system
growth of 15 years of ballistic also included a second interceptor,
missile defense research and the "high acceleration" Sprint.
development work by the Army and This system promised to be more
its contractors. It represents the effective against a sophisticated
most sophisticated and highly auto- missile attack employing penetra-
mated weapon system ever undertaken tion aids and much less susceptible
for deployment by the Army and is to saturation.
designed to counter incoming bal- In September 1967, Secretary
listic missile warheads, of Defense McNamara announced a

The continued and evolving bal- decision to deploy the ballistic
listic missile threat to the missile defense system. It was an
Continental United States from the extract from the Nike-X effort and
Soviets and the continued nuclear was called Sentinel. Sentinel was
weapons program of Communist China to be deployed against the poten-
highlights the need for deployment tial Chinese Communist ICBM threat
of the Safeguard System. to our cities and urban areas.

The ballistic missile defense In March 1969, President Nixon
development program began in 1955 announced a modified, phased de-
with the advent of the Nike Zeus. ployment concept. The components

Under the Nike Zeus program, the of the system, the radars and
Army developed a large acquisition missiles, are basically the same
radar, smaller target tracking as before, but the manner in which
and missile tracking radars, a dis- they will be deployed is different.
crimination radar to sort the real The name "Safeguard" was given to
warheads from decoys, and the Zeus the new system to denote a basic
interceptor missile. By 1963, the change in its concept of deploy-
Nike Zeus concept could no longer ment and to assure that this change
meet the evolving and postulated was widely recognized and under-
threat. It was reoriented to the stood.
Nike-X project. The Nike-X system The objectives for the
was to consist of a new family of Safeguard system as announced by
radars, phased array radars, which President Nixon are as follows.
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1. Protection of our land Missile Site Radar (MSR). This
based retaliatory forces against a radar has a detection range of
direct attack by the Soviet Union. several hundred miles. It operates

2. Defense of the American in a manner similar to the PAR but
people against the kind of nuclear provides much more precise target
attack which Communist China is data. The MSR also readies inter-
likely to mount within the decade. ceptors for launch and guides them

3. Protection against the to intercept. Generally, Spartan
possibility of accidental attacks and Sprint missiles are located at
from any source. the MSR site. The MSR and its

The system must be capable of data processing equipment will be
meeting such requirements as hand- housed in an underground building
ling multiple targets, target about 230 feet square. A turret
discrimination, adapting to changes, approximately 77 feet tall housing
high fire power, and flexibility, the radar faces will project above

To provide these capabilities, ground. The MSR will have an
Safeguard will use two phased array underground power plant and other
radars, data processing systems, support facilities associated with
and two interceptors. The first it. A prototype MSR has been in-
radar is a Perimeter Acquisition stalled at Kwajalein Missile Range
Radar called "PAR." The second is in the Marshall Islands, where
a Missile Site Radar, or simply operational tests are being con-
"MSR." The two missile intercep- ducted.
tars are called Spartan and Sprint.
These four basic components are SPARTAN
tied together by a high-speed com-
puter system which permits man to The Spartan is a long range,
control the entire system. defensive missile designed for

intercept at very high altitudes.
PERIMETER ACQUISITION RADAR It is a 55 foot long, three stage

solid propellant missile and is
The Perimeter Acquisition Radar launched from an underground silo.

(PAR) is designed for early detec- Spartan will carry a nuclear war-
tion of incoming warheads at ranges head and its intercepts will occur
in excess of 1000 nautical miles. at altitudes sufficiently high
The radar will be housed in a above the ground to preclude any
concrete structure some 200 feet on damage to personnel or equipment.
each side and 130 feet Lall. It
is a phased array radar which means SPRINT
that beam steering is accomplished
electronically and the beam can be Sprint is a 27 foot long, two
steered in any direction in a mat- stage, solid propellant missile
ter of a few millionths of a designed to make intercepts at a
second. Instead of a conventional closer range. It has an extremely
dish-type moving antenna, this high acceleration and is able to
phased array radar has thousands of reach intercept altitude within
small antennas built into the face seconds after launch. It is aLso
of the PAR building. guided to its target by the MSR

and system computers. The Sprint
MISSILE SITE RADAR is ejected from an underground

silo by a gas propelled piston ind
The other phased array radar its booster ignites once the mis-

employed by the system is the sile is in the air. The Sprint
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will have a nuclear warhead in the ing purposes (terminal defense).
kiloton range. Engagements would be almost entire-

ly automated except for the
DATA PROCESSING EQUIPMENT necessary human decisions which

must be made by command authority.
Each MSR aid PAR will have All engagement activities are sub-

large capacity data processing ject to manual human intervention
centers. These high speed, digital at any time.
computers process and evaluate the The nuclear warheads used in
vast amount of information accumul- the Spartan and Sprint missiles
ated by the radars and provide the have elaborate safety devices to
means for man to control the system. prevent a nuclear explosion until
A significant part of the Safe- after the missile is launched and
guard development is the formula- reaches a safe altitude.
tion of so-called "software" or
computer programs. SAFEGUARD DEPLOYMENT

SAFEGUARD DEFENSE As announced by President Nixon
in March 1969, Safeguard is to be

The Safeguard System can pro- deployed in phases dependent on
vide two types of defense: area the development of the threat by
defense and terminal defense. either or both the Soviet Union

--Area defense is accomplished and the Chinese People's Republic.
by intercepting warheads above the The initial phase, Phase I,
atmosphere at ranges of several was approved for deployment by
hundred miles. Hence, each site Congress in the FY 70 budget. It
can protect large areas of the consists of two tactical sites:
country, hundreds of miles across. one near Grand Forks AFB, North

--Terminal defense is a con- Dakota, and the other near Malm-
centrated defense of a small area strom AFB, Montana. Phase 2 in-
such as a group of Minuteman silos cludes twelve tactical sites and
or a bomber base. represents the maximum number of

sites thus far considered for
A SAFEGUARD ENGAGEMENT deployment. There are many deploy-

ment options which could be
The first element of the Safe- deployed in lieu of Phase 2 or as

guard system to detect an attack steps in achieving Phase 2.
would be the PAR. This radar would Secretary of Defense Laird announc-
provide initial track data for ed in February 1970 a recommends-
Safeguard firing units. The MSR tion by President Nixon to expand
would review this tracking data if the Safeguard deployment. This
required, and control the flight expansion is called "Modified
of Spartan missiles to intercept Phase 2." It included a request
the incoming warheads. The Spartan's for authorization to deploy one
kill, a nuclear explosion to additional site at Whiteman AFB,
destroy or disable the incoming Missouri; addicional Sprints at
warhead, would occur well out of the original Phase 1 sites; and
the atmosphere (area defense). A authorization to undertake advanc-
second type of missile, the Sprint, ed preparation work at five more
would be launched to destroy war- sites: Upper Northwest; Warren AFB,
heads which have penetrated the Wyoming; Michigan/Ohio Area; Wash-
Spartan defense or which may have ington, D.C. Area; and in the
been allowed to pass it for sort- Northeast.
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This option was passed by the Courses (KPC) are to be developed
House but modified somewhat by the and conducted by the WSC and began
Senate Armed Services Committee. in September 1970. They provide for
Their proposal for modified Phase 2 the initial transfer of technical
was to delete four of the sites information on the system to in-
earmarked for long lead-time structor personnel. New Equipment
preparation: Northeast, Northwest, Training Teams, consisting of con-
Michigan/Ohio; and the Washington, tractor, Army Air Defense Command
D.C. Area. The balance of the (ARADCOM), United States Army
original modified Phase 2 would Material Command (USAMC), and/or
remain. There were three amend- Continental Army Command (CONARC)
ments offered but were defeated. instructors as required, will pro-
The Senate/House Conference Conmit- vide maximum training on equip-
tee agreed on a compromise provi- ment changes and major modifica-
ding for the deployment as voted tions prior to installation on
earlier by the Senate, and as just site.
described. It is now awaiting The Resident Training Phase is
ratification and signature by the designed to provide qualified
President. personnel in new Safeguard skills

as well as existing skills to
PERSONNEL DEVELOPMENT PROGRAM support, operate, and maintain the

tactical sites. Resident Training
The deployment of the Safeguard is the responsibility of CONARC.

System will introduce into the The Safeguard Central Training
Army a new and highly complex Facility (SAFCTF) at Fort Bliss,
weapon system which requires sup- Texas, was established as a part
port by thoroughly trained, highly of the US Army Air Defense School
skilled personnel in new as well as (USAADS) and will provide all
existing military and civilian resident training for personnel
skills. The personnel development in new Safeguard skills. The Cen-
program for the operation, support, tral Training Facility is a unique
and maintenance of this weapon organization and represents a
system will be implemented and departure from the usual role of
accomplished in three phases: New the Air Defense School in support
Equipment Training (NET), Resident of Air Defense Weapon Systems. It

Training, and On-Site Training. will train Engineer and Ordnance [
New Equipment Training is the personnel as well as Air Defense

responsibility of the Safeguard artillerYmen to support Safeguard
System Command and will provide the deployment.
initial transfer of system techni- The depiiyment of the Safeguard
cal information from the weapon system will require participation
system contractor to key militAry by 15 existing CONARC service
and civilian personnel. New Equip- schools and craining centers in
ment Training is further divided providing support personnel in 58
into three areas: Engineer Service existing MOSs.
Test Courses, Key Personnel Courses The Safeguard Central Training
and New Equipment Training Teams. Facility is responsible for devel-
Engineer Service Test Courses are oping instructional mate ial and
conducted at Fort Bliss by the conducting 29 separate courses, 25
Weapon System Contractor (WSC) and of which will be MOS-producing.
are designed primarily for the Two of the MOS-producing courses

Safeguard System Evaluation Agency are ordnance and engineer officer
(SAFSEA) personnel. Key Personnel qualification courses. These
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officers will have received branch on-site training program.
training at their respective branch This training will be conduct-
schools prior to arriving here at ed to fully qualify personnel
the Central Training Facility for possessing Safeguard peculiar MOSs
instruction, and to familiarize personnel

The Central Training Facility possessing common MOSs with Safe-
presently conducts a Safeguard guard site operations.
Staff Planners Course (SSPC) on a
quarterly basis. This is currently Safeguard represents the most
the only course being taught on sophisticated and highly automated
Safeguard that provides general in- weapon system ever undertaken for
formation on the entire system. deployment by the Army. In the

That, generally, is the concept final analysis, this high degree
of the Resident Training phase of of automation is directly depen-
personnel development. It is signi- dent upon man's ability to main-

ficant, however, that there will tain the system at the high level
not be a complete tactical site of operational readiness required
available at the Central Training by design specifications. The
Facility for resident instruction. Safeguard Central Training Facility
Training will be conducted using must provide these personnel with
selected training devices (or part a sound foundation in the neces-
task trainers, as they are current- sary skills if the system is to
ly defined) and other standard function as it has been designed.
'aining aids. This will result in Should it be required, the full

the need for hands-on equipment 12-site deployment would provide
training on-site, substantial protection for our

The Commanding General, Army strategic offensive forces and
Air Defense Command, is responsible thereby accomplish the major objec-
for planning and executing the tives as stated by the President.
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4C. HUMAN FACTOR CONSIDERATIONS IN SAFEGUARD

Harold L. Oliver
U.S. Continental Army Command

Fort Monroe, Virginia 23351

Now that LTC Ferguson has des- presentation emphasizes the
cribed the SAFEGUARD System and collection and utilization of
plans for training, I will review TASA data.
some of the human factor efforts
that have contributed to the AR 700-51 defines TASA as the
development of these training process of analyzing materiel,
plans and personnel requirements. hardware, items, or systems to
My major purpose will be to em- identify all tasks necessary for
phasize the difficulties that we proper operation, maintenance,
have encountered with obtaining and repair of materiel in accord-
human factors information and ance with the mission, employment
Lcorporating it into planning doctrine, and support concept.
efforts. The process includes an analysis

of the tasks to provide specified
The Army has two programs which data such as skill demand, fre-

make provisions for and require quency, time, personnel required,
human factor considerations in location, etc., plus a descrip-
the development of new training tLon of the task steps required
programs. These are the Life to complete the performance of the
Cycle Development Model which is task.
described in DA Pam 11-25 and
System Engineering of Training gure 1 shows the normal re-
(Course Design) which is describ- lationship of human factors and
ed in CONARC ,Regulation 350-100-1. behavioral information to MOS
Before getting into a discussion decisions and the combined re-
of SAFEGUARD unique considerations, lationship of these two categor-
I will briefly review these pro- ies of information to development
grams and their relationship to of a training program. Provisions
each other. for early identification of human

factors and behavioral informa-
Although it is not the only tion are provided for during Con-

category of human factors infor- cept Formulation. The Provision-
mation, the Task cnd Skill Analy- al Quantitative and Qualitative
sis (TASA) is of primar) concern Personnel Requirements Informa-
to the training efforts, there- tion (PQQPRI) report is based
fore, the remainder of this upon human factors and behavioral
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studies performed as a part of (DA) approximately 33 months

material research, exploratory prior to fielding of the system.

development, and advanced develop- The purpose of this report is to

ment phases. This same infor- obtain a tentative MOS decision

mation provides the basis for which serves as the basis for
identification of preliminary preparation of the Advance Indi-

training requirements for inclu- vidual Training Plan. In ad-
sion into the System Development dition, development and mainte-
Plan. The need for TASA should nance of the training plan re-
be specifically identified at quires that detailed TASA data,
this time and a specific data as specified in the required data

package requirement included package, be continuously updated
in the System Development Con- and provided to the training
tract Plan. agency.

Providing that the requirement The Advance Individual Training
for TASA is identified and coa- Plan includes a schedule and
tracting is accomplished, the description of NET and resident
TASA data should be available to training. The resident portion
support the follow on training includes a list of proposed
activities as outlined in the courses, estimated quotas and
training milestones. These mile- course lengths, responsible
stones are developed early in the schools, and a description of
development and production phase required training aids and devices.
and should include: In the absence of adequate TASA

information, the training agency
1. Quantitative ani scheduling can do little more than rely

data for training aids and devices solely on tactical equipment for

and end-item training equipment. use in the training program. The
NET portion of the plan includes

2. Inputs to required data pack- a schedule of NET courses for
ages such as technical literature, transfer of knowledge from the
delivery schedules and cost developer to the training and
estimates, other using personnel.

3. Advanced and refined train- Final QQPRIs are forwarded to
ing plan submissions including DA approximately 15 months prior
New Equipment Training (NET) to fielding of the system, with
requirements. a final 1OS decision scheduled

within three months. This M0S4. Submission of Military Con- decision is the basis for the
struction Army (MCA) require- Final Individual Training Plan
ments and modification to Tables which includes a sche lule of

of Or3anization and Equipment classes, projected class quotas,a
(TOE), Tables of Allowances (TA) list of training equipment, aids,
and Technical/Supply Bulletins. and devices. The last two dedi-

.ated training steps in the Life

5. Publication schedule for Cycle Model are "begin residenttr-aining literature. training" and "begin unit train-
ing." if all goes well, training

An up4ated QQPRI report is Eor- and course materials will be
warded to Department of the Army developed, facilities completed,

111



equipment installed, and in- dure, physical skill, discrim-
structors trained so that training ination, system analysis, and
can begin on schedule, circuit analysis. In addition,

knowledges were similarly cate-
Concurrently with and providing gorized into mechanical, hydraulic,

inputs to the training and person- pneunatic, electrical, electronic,
nel activities just described are digital and other.
the course development activities
prescribed by CONARC Regulation A couple of examples should
350-100-1, System Engineering of serve to emphasize the magnitude
Training. Referring back to Fig- of these deficiencies. In one
ure I, attention is directed to sampling of the TASA data, the
the continuous inputs of TASA same skill and knowledge code was
data into the course development assigned to 474 out of a total of
and training planning activities. 493 equipment units. The units to

which this single code was assigned
Figure 2 identifies the course included a wide variety of items

development activities required from electronic components to empty
by CONARC Regulation 350-100-1. cabinets. Since the TASA made no
This figure is included to iden- distinction in skill and knowledge
tify that an orderly and pre- requirements across such a wide
scribed procedure exists for the range of equipment items, little
development of training programs. useful information was being pro-
It is emphasized that the success vided.
of this process is directly pro-
portional to the availability and Figure 3 illustrates that in ad-
quality of TASA information. dition, some of the TASA informa-

tion was actually misleading. As
Now that I have described the shown in this figure, it was con-

normal situation, or maybe I cluded that "electronic knowledge"
should say the hoped for situation, is required for determining whether
I will describe some real time any of the three lights on a con-
considerations and problems as tr I panel are illuminated, and
they apply to SAFEGUARD. inferring from an illuminated light

that a fault exists in the corre-
Fron the records, it would ap- sponding power supply. In this

pear that we got TASA off to a connection, "electronic knowledge"
good start in SAFEGUARD. The indicates a requirement for an
first TASA effort was initiated understanding of the application or
during May 1966 and the first pro- theory of phenomena such as t,e
duct was delivered approximately movement of free elections or ions
18 months later. Two significant in election tubes, transistors, and
items will be highlighted regard- semiconductor devices. From Figure
ing this initial TASA effort. 3, it should be apparent that

"electrotLic knowledge" may not beThe first is that necessary be- required to judge whether any of
havioral science "know-how" was the three lights are "on" or "off"
not provided for and as a result or to read the labels on the lights.
the product was certainly less
than adequate. For example, criti- In all fairness to the people in-
cal skill requirements were gener- volved, they were, in fact, follow-
aLized into broad categories of ing current regulatory require-
fixed procedure, variable proce- ments. This highlights the

112



C--U

S.

sm gn

AS

ba

m
"I

.a-

CD%

113



_____ _____ _____ _____ _____ ___ RCI4AIICAL Iq

_____ ____ ____ ____ ____ __ PS NtD ATUI C *

______________________ DIGIThAL~

w--- - H 5 i~ny ~ NH

Ft -

m H 0 a-'-

9 H

rt a-0

Ira a 0
0 '0 H

CD~CD F a-'.

o =

0 PC to I.

'U'U'U H 0H

__ rt H

-H IQH

rt

0 Hof
H 0t

rtFt

114



problem that existing regulations pleteness of the TASA product.
do not provide sufficient guidance Approximately four months later,
for initiation of a TASA effort this request was approved. It was
and definition of its contents, directed that the overall TASA

contract would be awarded to the
The second significant item re- prime weapon system contractor

grading the initial TASA effort with the stipulation that a TASA
stems from the deficiency just subcontractor would be utilized
discussed. Since the TASA was to provide the behavioral science
solely an engineering effort con- expertise. The prime contractor's
sisting of very general informa- initial proposal was to proceed
tion, the true value of a need for with a basic engineering analysis
a TASA was not recognized and the with minimum involvement of be-
contract was cancelled in Septem- havioral science personnel. The
ber 1967. Some elements of the Army objected to this approach and
initial TASA contract were incor- insisted that the behaviorist
porated into the Technical Logis- personnel participate in all phases
tical Data program. This was an of the effort and actually prepare
attempt to save money but resulted the TASA products. The major dif-
in a further deterioration of the ficulty centered around contractor
TASA effort. reluctance to allow "ovtsiders"

into their plants. In addition,
So instead of being on-schedule the absence of behavioral science

with a TASA program, this false expertise in the contractor's
start resulted in considerable training organization created
delay. The situation was further communication difficulties. Un-
compounded by a reduced time span fortunately, TASA is still an art
in which to develop a training pro- and it is not now possible to
gram and identify resource require- prepare specifications that can be
ments. The normal schedule of translated into the desired pro-
events described earlier in this duct by engineers. The differ-
presentation is based on a five ences over the role of the TASA
year production program. With subcontractor were resolved to
SAFEGUARD, the training agency the Army's satisfaction and a
must operate within a four year contract was awarded during March
interval due to a requirement for 1969.
approximately ore year of on-site
training prior to equipment readi- The contracting method for SAFE-
ness date of the system. This GUARD TASA produced further com-
means that the training community plications. The TASA contractor
is deprived of that time element was under contract to the prime
when the maximum amount of detail- we' r in system contractor and any
ed information is available. As a dire.tion or dialogue between the
result, many training decisions are Army Lad the TASA contractor was
made in a less than desirable througl. the prime. This lengthy
environment. channel of communications coupled

with the absence of TASA "know
During June 1968, CONARC re- how" within the weapon system

quested that the TASA effort be contractor organization created
revived with certain changes. The additional problems. In future
major change being that the con- efforts of this nature, it would
tract provide for a behavioral be desirable to have the TASA
science capability to insure com- contractor report directly to the
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Army. However, we learned that not know the make and model that
this is a very touchy matter, will be incorporated into the

system, i.e., we do not know
Thus far, I have made the weapon whether the chillers will be pur-

system contractor out to be the chased from Carrier, Trane, or
guys with the "black hats." In some other supplier. To get a-
all fairness, I must admit that we round this, ve have identified
had our share of in-house diffi- typical systems that will be ana-
culties. A major cause of many in- lyzed. In using this approach, we
house problems was related to the are "betting" that the selected
lateness of TASA information. In items will require tasks, skills, .
the absence of this data, some and knowledges similar to those
agencies took certain positions required by the typical systems.
based on what they considered the
best information available. When Another difficulty has been in
preliminary TASA data produced the data collection. In this
indications that these positions instance, the behavioral science
were susceptible to modification, personnel are in more of an ad-
there was natural resistance on visory role with engineering
the part of some. In fact, some personnel actually completing the
of this resistance reached the data collection forms. With this
point of being an attack on the arrangement, it is difficult to
credibility of the TASA program insure that all data meets or
and the TASA contractor. Fortu- exceeds minimm requirements. In
nately, most of that is now behind addition, lengthy channels of com-
us. munications and the absence of

personnel knowledgeable in TASA
The first TASA product was de- techniques has made the job even

livered during August 1969 and we more difficult.
have received two additional
deliveries since that time. Cur- In spite of the previously men-
rently, we have a high quality tioned difficulties, we have been
program underway, but due to RDT&E able to revive the TASA effort and
funding constraints, the level of get it on a firm footing. However,
effort is somewhat lower than in many respects it has been a case
desired. of "too little too late." The

three year period from initiation
A second and separate TASA ef- of the first ill-fated TASA effort

fort to provide data in the tacti- in 1966 until the progrm was
cal support equipment area was underway again in 1969 has proven
initiated during July 1969. Tacti- to be very critical. During this
cal support equipment refers to period, planning for training de-
those items of mechanical, electri- vices proceded on the belief that
cal, and environental equipment tactical hardware provided the
which provides support to the best vehicle for training. As a
tactical equipment. result, proposed training devices

were governed by engineering con-
Our major difficulty in this ef- siderations and approached the

fort has been the lack of equip- tactical hardware in cost, coufig-
ment identification. By this, I uration, and complexity. Esti-
mean that the contract has not mated cost of three major e'vices
been awarded for many of the items. ,to support training for the J.issile
Until contracts are awarded, we do Site Radar, Perimeter Acquisition
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Radar and Data Processing System from the TASA program. In ad-
exceeded $100 million. dition, the weapons system con-

tractor has been directed to
Since firm justification in utilize the TASA data in a con-

terms of training objectivesf and tinuing evaluation of training
student handling capabilities device capabilities. Figure 4 is
was not available, the need for a sample evaluation prepared by
these high dollar value items was the TASA contractor. Currently,
not fully accepted by the SAFE- this is our most reibible tech-
GUARD community. In fact, a nique for identifying the capa-
major reason for reviving the bilities and limitatiaa of cur-
TASA effort in 1968 was to obtain rent plans for resident training.

sufficient information to support
a production decision regarding Since TASA data is now available
training devices, in meaningful quantities we are

in a position to identify require-
This decision was aided some- ments with greater accuracy and

what by the Presidential announce- confidence. For example, duringE ment to abandon the SENTINEL de- 1968 it was thought that the major
ployment in favor of SAFEGUARD training devices, the ones that
which initially consisted of two approximated tactical equipment,
sites. This deployment change would satisfy all resident train-
resulted in a revised training ing requirements and handle the
concept which limited training student loads for the large SEN-
devices and equipment for resi- TINEL deployment. With what we
dent training to those items re- know today, it is questionable
quired to conduct only that that these devices as originally
training which could not be con- designed could have handled the

ducted on-site without unaccept- student loads for the current two
able degredation of the tactical site deployment. So with that,
equipment. I will end this presentation by

paraphrasing a high ranking offi-
Since sufficient TASA data was cer who said "Thank you for not

not available for identification letting us buy the major devices."
of needed training devices for This statement is doubly aigni-
SAFEGUARD, initial estimates were ficant, since the officer was at
based on engineering proposals one time the staunchest supporter
provided by the weapon system of the major training devices.
contractor. The initial contrac-
tor proposal has been modified Hupefully, this series of exper-
considerably and we are now look- iences will serve to illustrate
ing at a cost figure in the order some of the difficulties encoun-
of $60 million for the three tered in implementing regulatory
major areas identified previously. ):equirements relating to TASA
I wish to emphasize that certain within real time constraints that
of these modifications have re- exist during development and pro-
sulted from information obtained duction of a major weapon system.
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CHAPTER 5
COMMAND AND CONTROL FOR SAFEGUARD ABM

Chairman: Edward M. Hudak, Colonel
Headquarters, U.S. Continental Army Command

Fort Monroe, Virginia 23351

5A. INTRODUCTION
Albert R. Kubala

Human Resources Research Organization, Division 5
Fort Bliss, Texas 79916

Good afternoon, Gentlemen. Melching obtained his Ph.D. degree
HumRRO Division No. 5, located in psychology from the University
here at Fort Bliss, initiated its of California at Los Angeles in
command and control studies in 1953. Before coming to HumRRO in
1964. Just prior to that time, we 1961, Dr. Melching worked at the
had been asked to provide some Primate Lab in Austin, Texas, and
advisory services by the agency also taught at Texas Technological
-,hat is now known as SAFSEA, or, University in Lubbock, Texas.
the Safeguard System Evaluation
Agency. During the course of pro- The paper being presented by
viding these advisory services, we Dr. Melching is co-authored by
came to the conclusion that we Dr. H. L. Ammerman, also of HumRRO.
might make a real contribution
with more e-tensive studies in the The other speaker in this
command and control area. And, as session, Dr. G. L. Neal, obtained
a result, we initiated our first his Ph.D. degree in psychology
exploratory research in the area frm the University of Oklahoma in
in Dec-ember 1964. The command and 1966. Dr. Neal has a long history

control area continued to appear of association with HumRFO. He
to be fruitful. So, b,.girning in has held positions in three of
Fiscal Year 1967, a full-scale HumRRO's seven Divisions. Upon
Work Unit wes initiated, and we graduation from the University of
have been actively involved since Oklahoma, he was employed by
that time. Although SAFSEA is our HumRRO Division No. 5 here at Fort
sponsor, we have tried co keep our Bliss. While at DiviEion No. 5,
efforts general in nature. That Dr. Neal spent his last year work-
is, we have tried to look at man's ing in the area of commaud and
role in command mind control in any control. He left HEuRHO in the
highly motivated system, rather summer of 1968 to take a position
than tieing ourselves specifically with SAFSEA, where he is now
lo Safeguard. Hopeful]y, then, employed.
our command and control concepts
will be generalizable to any con- The paper presented by Dr.
4lex man-machine system. Neal is co-authored by Mr. Robert

0. Wood. Mr. Wood is also an
One of the speakers in this alumnus of HumRRO, now employed

session, Dr. W. H. Melching, worked at SAFSEA.
in this area from the time of the
initiation of the exploratory I give you Dr. Melching.
research until mid-1969. Dr.
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5B. MAN IN CONTROL
Harry L. Ammerman and William H. Melchinh;

Human Resources Research Organization, Division 5
Fort Bliss, Texas 79916

INTRODUCTION defining man's command and control
functions or role. Some training

I would like to discuss with you considerations will be mentioned
today a topic of growing importance briefly. All of these conceptual
in the human factors field. The frameworks provided the basis for
general area involves a continuing preparing an early detailed de-
concern over what man should do in scription of operator jobs. My
complex highly-automated man-mach- concluding remarks will describe
ine systems to exercise his prerog- the format and nature of one de-
atives of command and control. The scriptive analysis that helps pin-
importance of this general topic point a variety of human factors
area is evident by the number of considerations.
papers being presented at this con-
ference concerning the role of man These notions apply to any newly
in such systems. While many of us evolving highly automated man-
have developed our concerns and machine system that is concerned
ideas in relation to one speific with situation uncertainties and
weapon system, such as SAFEGUARD, should apply to any reasonably
the concern goes beyond a particu- complex man-machine system in the
lar system. It involves the whole development stage. Our concern
issue of what man can do, what was to conceptualize a role for man
should man do, in controlling in advance of an operational system
highly automated systems, part:.zu- and to examine training appropriate
larly during tactical operations. to such role. Obviously, main-

tenance of a system will be a major
Today I will discuss some ideas manual function, but significant

that have evolved out of HunRRO's concern for the command and control
work with the Nike-X/entinel/Safe- aspects of system operation are
guard systems over the past five also highly critical.
years.

HUMAN FACTORS CONSIDERATIONS FOR
First, I vill outline the human COMMAND AND CONTROL

factors considerations that guided
our planning efforts. Next, will Our human factors considerations
be a discussion of concepts for with respect to command and control
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training revolved about six major While important, we were not di-
issues. They are shown in Figure 1. rectly concerned for such human

factors considerations as knob and
1. Meaningfulness of Manual Roles dial shapes, stress, discrimina-
2. Training for Performance Relia- tion, sensory thresholds, target

bility tracking, etc.
3. Contingency Operations
4. Control Decisions In newly evolving man-machine
5. Information for Decision Making systems, one of the "nitial prob-
6. Control Devices lems is the tentative identifica-

tion of what man should do as a
Figure 1. Manual Performance decision-maker and controller

Issues within the system operations. Con-
straints on analyses that can be

Item 1: The Meaningfulness of Man- performed include such things as:
ual Roles. That is, the (1) very little information
basic functions that are exists as to precisely how the hard-
to be performed by man ware system will operate, (2) the
should be intrinsically of equipment configuration frequently
significant value in the changes until the system goes into
accomplishment of the sys- the production stage, and (3) no
tem mission. experienced personnel exist to

observe or who can describe how
Item 2: Training for Performance they perform their jobs. Thus,

Reliability, with concern human factors specialists and
for thiigs such as: others concerned with the system

operation are faced with the diffi-
a. Error rate, cult chore of determining what

tasks and functions man will per-
b. Criticalness of poten- form, in relation to the system

tial errors, and operations.

c. Ease of learning. MhN'S ROIE IN COMMAND AND CONTROL
.FUNCTIONS

Item 3: Definition of contingency
operations to include All too frequently the dis-
autonomous and emergency couraging conclusion is heard that
operations, as well as man has almost no command and con-
special system missions. trDl role in highly-automated sys-

tems. Rather, he is expected to
Item 4: Definition of operational keep the system in an operational

decisions for each con- 6tate, and the system will carry
troller position and level out its own tactical operations
of command. without man's intervention. This

relegates man to a purely main-
Item 5: Needs and availability tenance function. Despite the

of information for deci- apparent reasonableness of such a
sion-making performance. conclusion, that conclusion is gen-

erally unacceptable. to those who
Item 6: Needs and availability of are charged with the responsibility

control deviceF, for imple- for the system mission. They de-menting decisions. sire a meaningful commani and
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control role for man. Thus, it is adequately functioning system by
up to the human factors specialists providing important information and
and other decision makers to create directives to it. '-n would essen-
such a role. tially monitor tne j. tern for

trends toward out-of-tolerance con-
Now let me briefly outline some ditions ind evolviW, patterns or

notions which are evolving with conditions, taking advantage of
regard to the nature of such roles, his unique capability in such areas
as they have been visualized in one as pattern recognition, data rela-
work effort. This certainly will tionships, unprogrammed items,
not represent any final answer to recent information updating in real
the problem, but it is hoped that time, and knowledge of events that
these concepts may help stimulate the system can not sense.
useful discussion of the matter.

The second role (Figure 4) is
In Figure 2 are four basic func- essentially a maintenance-monitor-

tional concepts used to define the ing function, in which man would
decision rolv of man in command
and control. The first is a fa- a. Maintenance monitoring

1. Facilitate System Functioning b. Manual bypass of malfunctions
2. Override (Bypass) System Mal-

functions Figure 4. Role 2: Override
3. Control System Degradation (Bypass) System Malfunctions
4. Permit System to Operate

monitor for gross errors of com-
Figure 2. Functional Command puter output with respect to im-

and Control Roles portant system actions and deci-
sions. His control is exercised

cilitating function, the next is an by allowing for manual bypass of
overriding activity, the third the system malfunction for those
represents anticipatory control, machine errors that do not require
and the fourth is a permissive immediate maintenance.
function.

The third role (Figure 5) serves

The role of facilitating system to prevent system destruction by
functioning (Figure 3) is basically

a. Allow for "graceful degrada-
a. Manual augmentation tion"

b. Enhance systi~ capability b. Anticipatory monitoring

c. Monitor trends and patterns c. Preferential treatment

Figure 3. Role 1: Facilitate Sys- d. Traffic management (reassign
tern Functioning functions)

one of augmenting an otherwise Figure 5. Role 3: Control

System Degradation

1-/Melching, William H. A Concept allowing for a graceful degradation

of the Role of Man in Automated of system operations in lieu of a
HumRRO Professional Paper

y1968. imltsytmosbytmclas.I
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represents the anticipatory moni- 1. Task value
toring of system functions to de-
tect and prevent system overloads 2. Level of responsibility
and subsequent deteriorations, and
to allow man to institute a program 3. Work load balance between
of preferential treatment. This personnel
could be viewed as a traffic man-
agement task in which man might 4. System restrictions and
reassign manual or automatic func- requirements
tions to other portions of the sys-
tem as requirements exceed pro- 5. Homogeneity of task purpose
grammed limits.

The fourth and firal decision 6. Control devices provided

role (Figure 6) for man is a per-
missive one, wherein man decides on 7. Minimal crew coordination

needed

a. Determine need for system per-
formance B. Minimal voice communication

b. Determine level of operation 9. Comparable functions at each

needed command level

c. Force system to function 10. Reasonable task loads across

time

Figure 6. Role 4: Permit
System to Operate 11. Means available for exercising

control

the need for the system to operate
to accomplish the primary mission. Figure 7. Some Job Design
Man may allow or force the system tc Considerations

operate at a level consistent with
the threat status of an opponent. It is assumed that command and

Additionally, he might enable the control personnel should be assign-

system so that it can handle a sit- ed work tasks having a value and
uation that it is not anticipating, degree of responsibility consistent

or had not intended to handle. with the rank and command level of
the person filling the position.

These role concepts are defined The manual tasks should have value
so that work assignments may incor- in the sense that their performance
porate more than just monitoring of does directly influence system
events and maintenance of the sys- operations. They should contribute
tem. They provide the underlying significantly to the probability of
rationale for postulating specific system success in attaining its
manual functions, mission goals.

In addition to the fc(ur manual In the process of designing
command and control concepts, there command and control job positions,
are other considerations which aid it is necessary to allocate speci-
in the preliminary designing of job fic tasks to each operator with
positions. Some of these are due consideration for balance of
briefly cited in Figure 7. work load, system restrictions and
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requirements relevant to the cor- to enable him to act upco the in-
mand level at which the job exists, formation that he has been given.
and homogeneity of purpose of And, obviously, this information
assigned tasks. With respect to is also needed for development of
work load, it is probably best to effective training programs.
give each controller a few meaning-
ful long-duration tasks as well as TRAINING CONSIIEATIONS
a variety of short-duration infre- Let us consider for a moment some
quently-performed task activities, training considerations for command
Monitoring of events or system and control personnel. (see Figure
status should be avoided unless and To personn (Se Figure

specficconroldevies re ro- 3.) To simplify train.ng and alowspecific control devices are pro-

vided by which the person could do 1. Minimize need eor non-decision
something about the situation he is t e of skills

monitoring. Where operational time
is short and critical, there shouldbe itte r n rquiemnt or2. Pushbuttons and light pens--
be little or no requirement for
close or rapid coordination between versus-teletype
command centers or crew personnel.
Voice communication should be mini- 3. Homogeneous tf.k groupings

mal or eliminated for normal tac-
tical functions, reserving such
interaction for emergencies and
special missions. Not only would a. Organized and summarized
this conserve operational time, but b. Useful
it should decrease the amount of
team training needed. Creation of
reasonably comparable functions in c. Timely availability

different levels of command centers d. Consistent symbology
would be beneficial when personnel
are transferred between system lo-
cations. Various kinds of opera- e. Maningful symbology

tional situations or ta tical en- 5. Describe manual tasks
gagements need to be analyzed to
assure reasonable task loads for
each operator across critical time Considerations
intervals.

If man is to function effectively a concentration on those things

which are most essential, it appearsas a system controller, he must be that skill. requirements other than

provided with the means by which to fortdecision-eqkingmskillohshouldSfor decision-making skills, should
exercise his control. For example, 1 -e minimized in the job and in the
he needs information that will tell formal tre.Aing program. Thishim what the machine is doing, haw fomltannprgm.Ti
himlwht the perfcin, i a doi, hw would allow for easier development
well it is performing, what it is of simulation exercises using
planning to do next, where it is lower-fidelity and less-expensive
operating adequately, where it may training aidq and equipment for a
be in need of assistance, and pre-,i dctios o futre tate ofsignificant portion of the training.
dictions of future states ofcomputer
affairs. He also needs to be pro- should be generally of the push-
vided with appropriate sets of pro- button or light pen type, re-

cedures, decision rules, and con- serving the use of the teletype
trol devices. These are necessary only for specially-trained
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technicians. Tasks grouped togeth- POSITION ANALYSIS
er to form each operator position
should be based on relatively homo- This formulation of basic task
geneous sets of tasks, requiring a descriptions leads me into the last
minimum of differential kinds of topic I wish to discuss. That is,
skill training for a given operator the analysis of individual posi-
on the job. tions. Given the preceding ef-

forts to conceptualize man's role
The identification and use of in- in a complex system, there is then

formation to be displayed or pre- a subsequent need to clarify the
cented to an operator is also of specific activities assigned to
concern. Obviously in a highly- each Job position within the com-
automated system there are great mand and control zubsystem. One
masses of data within the system such clarification can be accom-
which could be made available to plished by the procedure we have
a commander or controller. Such labeled as a Position Analysis.
data need to be organized and pre- This form of analysis aids in
sented to the controller in a most pinpointing a variety of human
useful and timely manner so as not factors problems for further study.
to overburden the individual with
unnecessary information during Once a number of functions are
times of highly-critical activity, postulated for performance by con-
Information presented in the form trollers within command centers,
of display symbology needs to be it is then possible to group these
used. in a consistent manner on the functions by hypothetical operator
v& ious control consoles, and, to positions. It is most likely that
the extent possible, the symbology various such groupings will be pos-
needs to be meaningful to the oper- tulated during the development of a
ator. There should be a minimal system. A position analysis format
amount of color coding since there that I will describe represents one
are l~kely to be many other codings way of keeping track of such tenta-
already presented on consoles and tive plans, and of providing a
visual displays, such as shape foundation for revisions as they
coding, location coding, symbol occur. It is a rather simlified
codes, and sequence codings. format for readily describing each

job position. (See Figure 9.)If training goals are to be

stated in terms of student perfor- 1. Decision-Making Actions
mance objectives (that is, in terms
of job actions, performance condi- 2. Information-Gathering Actions
tions, and proficiency standards),
then early in the design of command 3. Controlling Actions
and control positions it appears
most useful to formulate initial Figure 9. Types of Manual
basic descriptions of the manual Activities
tasks involved. These task de-
scriptions serve to establish dis- Three main types of activities are
play and control requirements, and recognized within each pcsition:
they serve as a framework for (1) decision-making actions,
fitting new ideas into the command (2) information-gathering actions,
and control scheme as they may and (3) controlling actions. It is
evolve from growth and modification assumed for many, if not all, corn-
of system knowledge. mand positions that decisicn-raking
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in Figure 10 show he might select
an option, estimate time, or deter-

functions for mission success.
Therefore, there decision actions 

mine when to operate.

tend to serve as the focal points In Figure 11 are four statements
cf the analyses. For each decision of information-gathering actions

identified, an attempt is made to
determine the information that
would be available for use in mak-

ingtha deison, and to identify 1. Monitor the CRT Engagement
ing that decisio Display.
the controlling action that would (To aid in establishing anfollow~ the decision. In etherfollw te dcisir. n cherappropriate readiness level

words, decision actions are related or te ea e v

both to prior and to succeeding
manual events. The first step in
analyzing a position consists in light
recording all actions assumed to be light.
performed by a controller in that (To display on CRT the latest

position, plus a listing of all

items of information availabe to available to the system.)

him or used by him in performing
his job. These materials provide 3. Tag a given land area on the

the basic data for the analysis of 3. T display and depress AG-

each position. CTdslyaddpesMG
NIFY switchlight FULL.

In Figure 10 are four statements (To obtain an enlarged view of

depicting decision actions that a given land area.)

might be made by a commander.

1. Select one of four possible 4. Communicate orally with other

readiness levels at which the console op erators, either di-

system is to operate. READI- rectly or by telephone headset.

NESS LEVEL switch7  (To coordinate site actions.)

2. Estimate the time required to Figure 11. Examples of

prepare for a tactical engage- Information-Gathering Actions
me nt.Inomto-ahrnAcis

When the action involves the use of
3. De ermi entgive a firing a particular switchlight on his con-

uEMIT swite h sole, this switch is again identi-

fied. For further clarification,

the purpose of each physical action
4. Select one of three possible is given in parenthesis following

tactics to u in combating a t'ie statement. Information gath-

given attacK. LTAUI... switch_, .irg includes such things as mon-

Figure 10. Examples of itoring displays, calling up new

• Ainformation, and obtaining informa-
tion by oral cxmunications.

Where a given decision is preceded Figure 12 shows four statements

or followed by use of a particular of controlling actions. In addi-

conscie switch, this additional in-

formaticn is given in brackets fol- ion to naming elevant switch
owing the statement. The examples controls, the purpose of the physi-

cal action is stated in parentheses
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I. Depress TACTICS switch A, B, Engagement Display (CRT)
or C. 1. Location of each enemy pen-

etration.
(To instruct a firing unit re- 2. Type of defense target
garding the tactics it is to being attacked.
employ in engaging targets.) a. Area defense.

b. Fire unit sites.
'. Depress the PERMIT switch for a c. Other military areas.

selected firing unit. Data Display (CRT)
3. Value of defense targets in

(To inform a firing unit that defended area.
it has been given permission 4. Intelligence data beng
to launch.) circulated to all ccwnmands.

Console Indicator Lights
3. Depress the switch for the 5. Readiness level.

present readiness level, a. Present level in which
system is operating.

(To inhibit an increase in b. Level requested by a
readiness level as requested subordinate firing unit.
by a subordinate firing unit.) 6. Subsystem status.

Other Information
4. Tag an object on the CRT and 7. Weather data.

depress DESIGNATE TARGET switch. 3. Missile stockpiles.

(To indicate a target to the Figure 13. Examples of
system computer.) Information Items

Figure 12. Examples of we have information provided on
Controlling Actions a cathode ray tube, either showing

the engagement map or providing
following the statement. For the digital data tabulations. Banks of
most part, these actions represent indicator lights also may be useful
the giving of orders to the auto- to display readiness and status.
matic system by means of depressing Other information may come from
appropriate console switchlights. teletypewriters, printed raterials,

and voice cotuunications.
Figure 13.shows one means of

listing the information that could The four jistings of actions and
be made available to a commander information items provide the basic
or controller. Because there is description of a position, but
such a wide variety of diverse there are several second-level pro-
information, it is useful to indi- ducts then possible to be derived.
cate where the information might (See Figure 14 below.)
most likely be presented man. Thus,

127



JoT ,YitLon: XYZ Conroller

5ecision A-tion 1: Select one of four readiness levels at which the sys-
tem is to operate.

yC.ntrGIing Actions:

I. Depress the switch for the present readiness leve_
(Function: To inhibit an increase in readinc-
level.)

Decision Occasion: When a subordinate firing unit has requested
an increase in its readiness level.

Decision Rules: None yet available.

Decision Information:
4. Intelligence data
5. Readiness level requested by subordinate site

10. Readiness level desired by higher headquarters
2.7. Nature of enemy threat

infcrmation-Gathering Actions:

I. Monitor the CRT Engagement Display.
(Function: To aid in establishing an appropriate
readiness level.)

2. Deoress INTELLIGENCE switchlight.
(Function: To display on CRT the latest intelligence
information.)

Figure 14. Decision Outline

For example, to provide an inte- (6) Th- -4; ntification of what in-
grated picture of how decision ac- formations, thering actions are
tions are related both to inforna- associated with that decision.
tion and controlling actions a
special "decision outline" may be Another second-level product
prepared on the basis of available that may be prepared from the basic
information. Such a decision out- list is a "matrix of information-
line may record the following facts decision relationships." An exam-

about a given decision. (1) The ple of a hypothetical matrix is
identification of the controlling presented in Figure 15. In tais
action that would immediately fol- matrix are tabulated all instances
low the decision. (2) A statement in which a given item of informa-
of the function accomplished by the tion is used or needed to arrive
controlling action. (3) The occa- at a decision. The matrix assists
sion upon which the decision would in identifying those decisions on
be maze. (4) The rules that are which information bases have not
to be used to guide the making of been adequately established. In
the decision. (5) The information addition, it will quickly show
to be used n making the decision, what information items serve no,

few, or many decisions.
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Information Item Decision
123 L56

1. Loc of enemy penet x

2. Type def tgt
a. Area x
b. Fire unit sites x
c. Other mil sites

3. Val def tgts x

4. Intell circulated x x

5. Readiness level
a. Present x
b. Req by sub X

6. Subsys status x X

7. Weather data x

8. Msl stockpiles x x

Figure 15. Matrix of Information-Decision Relationships

Given that the previous listings yses to include a number of other
and analyses have been accom- aspects. One of these additional
plished, it is then possible to analyses plots individual manual
structure the various command and activites as they might likely be
control activities into operator performed across time. (See
functional positions. This also Figure 16 below.)
permits the expansion of the anal-
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OPERATIONS TIME LINE

500 1000 1 00 2000

Crewman #1.

16

17

0"In

~ Crewman #2:

9

10

Figure 16. Position Activity Across Time

By hypothesizing a series of to the individual, but typically he
likely operational situations, the would not be assigned very many of
analyst can plot the time frame these. By plotting a number of
during which it is possible to per- such time frames across a variety
form the activity. Beginning and of typical gaming situations, the
ending points of the activities are analyst can obtain some basis for
quite frequently dependent upon key judging the feasibility and balance
operational points defined by the of work assignments to each opera-
hardware system. Figure 16 shows tor.
a hypothetical time line for tasks
assigned to two different controller With these and other descriptive
positions, as they might be per- analyses, agencies responsible for
formed over 2,000 units of time. development, testing, and operation
Within each position, a number of of the system may then examine the
tasks need to be performed in descriptions of commander and con-
rather short time frames. Quite troller roles for completeness, ad-
often this represents activites or equacy, and feasibility of assigned
decisions that would be performed manual functions. The job descrip-
at the beginning of the tactical tions prepared over time represent
engagement. Additionally, one or a series of approximations to the
two long-duration tasks are assigned final command and control functions.
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The Position Analysis, particu- 1. Are decision actions clearly
larly in later versions, can serve identified and stated?
three important needs: (Figure 17)
(1) The intended user of the system 2. Is information needed by man
can review the description and available:
assess it for its completeness.
(2) The designer of display and a. In a form man can use?
control consoles can evaluate pre-
sent plans for consoles with regard b. At the tire it is needed?
to adequacy of location -ifulness,

3. Does man need information not
1. Review and assessment by system provided to him?

user.
4. Does system provide man un-

2. Evaluation of control console needed information?
plans by system desi.wner.

5. Are necessary control devices
3. Accumulation of task information present?

by training agency.
6. Are control devices easy tc

Figure 17. Uses for operate?
Position Analyses

7. Does system design utilize man's
information, and availability of capabilities to a maximum
control devices. (3) The agency extent?
responsible for developing a pro-
gram to train personnel to operate Figure 18. Specific questions
the system can accumulate and or- to Aid Analysis
*,anize the information necessary to
6jppcrt an appropriate training he needs it? (3) Does the system
7o &Tam. require man to use information that

has not been provided as yet?
Various versions of the descrip- (4) Does the system provide infor-

.1ons are likely to be incomplete nation to man that he does not need7ani eroneous. Numerous omissions, (5) Are certain controlling actions

incompatibilities, and inadequacies required for which there are no
will probably be present. However, appropriate control devices?
,ulcss the Job descriptions have (6) Are control devices easy to op-
been p,,epared in a thorough and erate and conveniently located?
r~gorous manner, and reported in (7) Has the system been designed so
appror.iate format, it may be ex- that man's capabilities can be uti-
tremely difficult for these omis- lized to a maximum extent? This
sions and inadequacies to be read- last question is obviously of a
ily perceived, different order than the others, and

it can be evaluated only in light of
Some specific questions that a the rationale underlying the overall

reviewer may seek answers to are system concept of command and
these: (See Figure 18.) (1) Are control.

the decision actions that man must
take clearly identified and stated? To anwer these concerns, each
(2) Is the information man will need decision, information-gathering,
to make these decisions available in and control action may be evaluated
a form that he can use at the time using an explicit set of criteria.

131



Similarly, an evaluation may be sented here today I have tried to
made of each item of system infor- present an integrated flow of some
mation. Once each actions and in- human factors considerations and
formation item has been judged, it procedures that might be helpful in
is then possible to tally the judg- the early stages of the development
ments, and to summarize the find- of a complex man-machine system.
iiZs for each of the several posi- My discussion began with the under-
tions. lying basic functions of man's role

in command and control. This was
it should be noted that the sev- supplemented by some considerations

eral analyses are not only of value for training and the design of oper-
for what they contain, but for what ational Job positions. Subsequenty,
they lack. The identification of these issues led into the actual
an area of incompleteness or vague- statement of the task activities fir
ness can be useful in understanding individual job positions. A vari-
the status of a system. ety of practical formats were pre-

sented by which interested agencies
One immediate use of such anal- might analyze each position for

yses, therefore, consists in pro- completeness of description, ade-
viding an agency with a reservoir quacy of task allocations, and
of questions about the functions feasibility of assignments during
postulated for system controllers, various operational contingencies.
Tabulation of these functions in a
comprehensive and systematic man-
ner permits inconsistencies and
possible inadequacies to be readily
exposed and examined.

Obviously, there are many other
Finally, let me comment briefly analyses that need to follow these

upon the use of these analyses by initial descriptions of manual func-
training agencies. The primary tions before the man-machine rela-
use of the material would most tionsbips are finally established.
likely be for the construction of It is particularly essential that
statements of student performance investigations be made of the ac-
objectives, in accordance with tual ability of man to perform the
CONARC Pamphlet 350-14. The anal- job tesks with respect to time for
yses, after being reviewed by rele- accomplishment and reliability of
vant agencies, provide the justi- performance accuracy under various
fication for curriculum content and operational contingencies. To per-
goals, particularly with respect to form such evaluations, the next
the need for student learning of speaker, Dr. Neal, will describe
background information and techni- the design of information displays
cal theory, and control devices by which man

will likely interface with the mach-
PRESENTATION OVERVIW ine system to implement his command

and control activities in one spe-
With the series of concepts pre- cific system.
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5C. MANUAL INTERVENTION FACILITY FOR
CONDUCTING HUMAN FACTORS EVALUATIONS

Gilbert S. Neal and Robert 0. Wood
SAFEGUARD System Evaluation Agency

White Sands Missile Range, New Mexico 88002

INTRODUCTION studies.

Today I'm going to describe the As a word of introduction, the
SAFEGUARD System Evaluation Agen- MIF is a computer-controlled, real-
cy's (SAFSEA) Manual Intervention time interactive, man-machine in-
Facility (MIF) and its utilization. terface simulation laboratory for

SAFEGUARD command and control
The mission of SAFSEA is to per- studies. A significant feature of

form an evaluation of the SAFEGUARD the MIF design is flexibility,
Ballistic Missile Defense System, which is achieved by a combination
independent of the SAFEGUARD System of modules hardware design and
Command, its contractor organiza- software control. These feature,
tion and participating organiza- permit a broad spectrum of command
tions. The MIF or Manual Interven- and control studies in which the
tion Facility is one of the tools man-machine interface, operator
we are using to conduct human fac- functions, and tactical environment
tor evaluations of SAFEGUARD can be systematically controlled
Command and Control subsystem. and varied to permit accomplishment

of the evaluation mission. We
In our presentations we shall shall describe the MIF in more de-

(a) describe the purpose of the tail later in the paper.
MIF: (b) describe the rationale for
its design; (c) present a brief DEFINITIONS
overview of our test and evaluation
program; and, (d) describe the MIF Let us now define how we are
design, using the terms control, command,

and manual intervention in our
The HumRRO presentation des- evaluation program.

cribed some of the early human fac-
tors work that HumRRO Division 5
performed in support of the NIKE-X --
and SENTINEL command and control
studies conducted by SAFSEA under 1 1. SENTINEL System Evaluation

its earl er designations of SENSEA Agency
and ESTO-. The MIF conceptualiza- 2. NIKE-X Engineering/Service
tion is an outgrowth of these Test Office
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Control is defined as a collec- officer may modify selected action
tion of in-line functions required options on the basis of system in-
for an active defense. These func- formation feedback to him via sys-
tions may be assigned to man or to tem information displays.
machine.

To conduct command and control
Command is considered to be a studies appropriate to our mission,

collection of rules, constraints, we needed a simulation system which
requirements, and alternatives im- would permit us to emulate SAFE-
posed on control functions prior to GUARD man-machine function alloca-
and during the execution of an ac- tions where some functions are
tive defense. assigned to the machine, some to

man, and some can be performed by
Manual IL'tervention rafers to man or machine. This conceptual-

man's exercising assigned command ization of function allocation is
and control functions in any com- illustrated in Figure 1.
plex, highly automated man-machine
system, where tasks are allocated Next, the system had to have
between man and machine and where the capability to permit us to
man may be in parallel or in series accomplish five basic mission-re-
with the system. Man's job in such lated objectives, each of which
a system is to decide if criteria leads to a large variety of
have been met for him to perform a studies:
permitted manual function and to
carry it out if the criteria have 1. Evaluate the command control
been attained. sytem--to include:

SIMULATOR FACILITY a. At least three levels of
DESIGN CONSIDERATIONS tactical command and control-na-

tional, regional, and local, sin-
In the SAFEGUARD System, the gularly or in interaction;

planned role of the command and
control (C/C) officer is to manage b. Operating rules, such as
the system: (a) to insure that the tactical SOPs; and,
system reacts to a threat only when
directed by competent authority c. Maintenance command and con-
(b) to increase the flexibility trol centers.
and/or adaptability of the system
to assure that the automatic system 2. Evaluate and verify manual
provides the best possible service command and control functions-to
in response to the total strategic include:
environment and tactical situation;
and, (c) to direct the system re- a. Verification of proper al-
sponse and organization so as to location of functions between man
minimize performance degradation. and machine;

The C/C officer accomplishes b. Verification that manual
assigned functions by implementing functions have been properly allo-
management decisions by selecting cated tG level of command and con-
appropriate action options which trol;
initiate pre-programmed operating
rules, modes, and responses. Dur- c. Verification of proper allo-
ing the course of operations the cation of functions among operators
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within any given command and control creasing fidelity of situational
center; simulation. T.e nature of the pro-

blem, rer,.tad by the "decision
d. Verification of the feasibil- diamond" dure 2, will deter-

ity of functions with respect to mine the Level. of simulation se-
system performance requirements; lected for a test.
and,

Level I simulations will be sin-
e. Examining the desirability gle console studies in which the

of functions with respect to system focus will be on the single command
performance requirements. and control operator station. Re-

quired inputs from other operators
3. Evaluate design concept--to and C/C centers will be simulated

include such factors as: under scenario control. For exam-
ple, Level I simulation will be ap-

a. Display formats, information propriate to display studies, con-
adequacy, control efficiency, and sale layout evaluations, ahd early
feedback requirements; stages of test subject training.

b. Operations center configura- Level II simulations will be
tions; multiple console command and con-

trol simulation in which the inter-
c. Imposed task loadings and action among personnel in a single

operator performance; and, command and control center is a
critical variable to be considered

d. Coordination among operators, in the evaluation problem. In
Level II studies all key interact-

4. Manual Intervention skill ing operator stations in a single
analysis. To determine special C/C center will be provided for.
skill requirements for officer per- Required stimuli from sources ex-
sonnel assigned to ABM C/C posi- ternal to the represented center
tions to provide information useful will be simulated under scenario
in the selection and tranaing of control. Level II studies will be
C/C personnel, appropriate to evaluations of com-

mand and control procedures, center
5. Train test sublects. To configurations, and operator task

provide ourselves with the capabil- allocations.
ity to train test subjects in the
skills required in C/C since our Level III simulations will be
evaluation program will precede the multiple console command and con-
training of SAFEGUARD C/C personnel. trol simulations in which live in-

teraction between two or more C/C
TEST PROGRAM CONCEPT centers is a critical variable.

In these studies the key interact-
To accomplish these objectives ing operator stations at two or

our test program provides for, and more centers will be represented.
the simulator design permits three Level III simulations will have ap-
levels of simulation (See Figure plications similar to that of Level
2). II. The variety of possible Level

III studies is presently restricted
The three levels of simulation by hardware limitations. Figure 2

represent a continuum of studies of also shows several of the products
increasing C/C complexity and in- and applications of the three
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EVALUATION
DECISION

EVALUATION PRODUCTS &LEVELS APPLICATIONS

/ LEVEL I

SINGLE CONSOLE

SIMULATIONS

1. VERIFICATION OF C/C
SUBSYSTEM CONCEPTS
AND DESIGN

2. VERIFICATION OF C/C
PROCEDURES

LEVEL 2 3. FORECASTS OF C/C
EVALUATION SINGLE C/C CENTER SUBSYSTEMM SIMULATIONS EFFECTIVENESS

4. C/C OPERATOR SKILL
ANALYSIS

5. TEST SUBJECT
TRAINING

LEVEL 3
INTER C/C CENTER

SIMULATIONS f

FIGURE 2. LEVELS OF EVALUATION AND THEIR APPLICATIONS
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levels of simulation, studies. A typical baseline study
condition assumes a well-defined

To drive the required simula- C/C center configuration, a set of
tions we are developing a set of standard operating rules, a normal-
software programs which we call ly operating C/C subsystem, no sys-
Manual Intervention Driver's (MID). tem degradation, and a reference
A MID is designed to drive the sim- threat. The effects of experimen-
ulation of a C/C center to provide tal variation in any of these fac-
(a) all required operator console tore will be assessed against the
display and control functions; (b) baseline system. Initially, in
critical stimuli for the operator our program the baseline simulation
response; (c) system feedback in- will utilize the basic version of
formation to the operator; (d) each MID program.
threat representations; (e) system
operation representations, and (f) MIF DESCRIPTION
a complete record of simulation
events and operator responses to The MIF consists of the compo-
these events. The latter will per- nents shown in the block diagram in
mit recordings of response time, Figure 4: (a) a control-display
errors, and levels of response ac- subsystem consisting of four CRT
curacy, Figure 3 illustrates the consoles, eleven control consoles,
characteristics of several repre- tote board, and dynamic large
sentative MIDs being developed., screen display; (b) five VARIAN
The figure shows type center being 620/i computers - a master and
simulated, duty positions to be in- four slaves; (c) peripheral and
cluded, and simulation level. Note maintenance equipment; and (d) a
that all MIDs shown are Level II or large computer (UNIVAC 1108) to
III. A Level I simulation is pro- "drive" the facility. An intercom
vided by partitioning Level Ii or system for inter-operator communi-
iII MID software programs. cation and simulation controller

use is not shown.
All MIF studies will contain the

following elements: (a) a defined The facility is capable of (a)
evaluation problem and associated real-time, interactive simulation
test objectives; (b) an evaluation by using the large computer for
level which determines the com- studies requiring operators to in-
plexity of the study and MIF con- teract with the simulated SAFEGUARD
figuration; (c) a scenario defin- system, or (b) real-time, non-in-
ing system and defense events, teractive simulation by discon-
their sequences, permitted contin- necting the large computer, and
gencies, and event stimuli; (d) a playing "canned" exercises from
set of system operating rules; (e) the tape units. This non-inter-
appropriate test subject personnel; active mode is intended for test
(f) an appropriate Manual Interven- sibject training, critiques, and
tion Driver; (g) data collection certain studies in which interac-
plan; and, (h) a data analysis tive simulation is not required.
plan.

Components of the MIF control-
Our basic evaluation model will display subsystem are shown in

make use of baseline studies to Figure 5. The control-display sub-
provide basic C/C system perform- svstem configuration achieves flex-
ance estimates and to furnish con- ibility through hardware modularity
trol group data for comparative and software control. This system
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consists of: (a) CRT consoles and consoles, their modularity, and
control consoles which make up op- software control add to the flexi-
erator stations; (b) two tote bility of control-display configu-
buards containing indicator lights, ration.
back-lighted numeric indicators,
and legend lights to display wall- Ten types of function moduler
type information found in C/C will be available. These are siown
centers; (c) a large screen display in Figure 6. Each module can be
system (not shown) utilizing a rear utilized in any control console
projection Nortronics Vigicon scrib- module bay. Unused bays are cov-
ing projector system which has ered by blank magnetic plates. Each
three color capability for the dy- module is externally and internally
namic display of system status and reconfigurable. This means that
tactical information in near real- push buttons and indicators can be
time. selectively removed and covered by

a plastic plate to permit us to
Four independent CRT consoles, vary push button and indicator con-

each containing CRTs wit'. 225 figurations at operator consoles.
square inches of viewing area, are All button and indicator functions
available for simulated operator are assigned and controlled by
stations. Two of the consoles are software. This feature permits us
equipped with track ball input de- to evaluate various console control
vices. All CRT consoles will be layouts. Figure 6 also shows the
equipped with light pen input de- construction of the control con-
vices. This feature permits evalu- soles, their modularity, modular
ation of the use of two types of construction, and several of the
input devices. All consoles--CRT module types available.
and control--are equipped with cast-
ers to permit easy repositioning of Operator stations are created
console. Console mobility permits by combining CRT consoles and the
us to reposition consoles so that control consoles containing the
operation center configuration can module units. By combining opera-
be varied for evaluation studies. tor consoles, the large screen dis-

play, and tote boards, as illustra-
CRT displays are software gen- ted in Figure 7, we have a repre-

erated. We have the capability of sentation of a command and control
generating four different CRT pic- center, which when driven by the
tures simultaneously or four repli- appropriate Manual Intervention
cations of the same CRT picture Driver, provides us with the cap-
simultaneously. We also have the ability to simulate a SAFEGUARD
capability to program the system command and control center tactical
so that an operator can access any environment in real-time. This
CRT display viewed by another op- capability provides our agency with
erator. a valuable tool which we are using

to evaluate the SAFEGUARD command
Eleven independent control con- and control subsystem.

soles will be available. Each con-
sole contains bays for eight 5 1/2 SUMMARY
inch by 5 1/2 inch function modules.
The control consoles are the same In this presentation I have
height (47.5 inches) as the CRT briefly described the SAFEGUARD
consoles and have the same mobility System Evaluation Agency's Manual
as the CRT console. The control Intervention Facility designed for
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human factors evaluation studies REFERENCES
of the command and control subsys-
tem. I have presented some of 1. An-werman, H. L. and Melching,
rationale underlying its design W. H.. Man in Control. Presenta-
capabilities, and I have presented tion, Sixteenth Annual US Army
an overview of our test program. Human Factors Research and Develop-

ment Conference, Fort Bliss, Texas,
20-22 October 1970.
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5D. DINNER-SYMPOSIUM: MILITARY SOCIAL
SCIENCE: CHALLENGE FOR THE FUTURE

Chaster W. Clark, Major General (rot.)
Research Triangle Institute

Research Triangle Park. North Carolina 27709

I had not planned on talking to our developments always took longer
you about human factors tonight. and cost more than we anticipated;
I would be foolish to attempt to as I read the newspapers these days,
do so to this audience; on this I note that that situation hasn't
subject, it seemed better to take changed. The broad outlines of how
guidance from the admonition: "It this kind of planning is approached
ts better to keep your mouth shut, are still pretty clear to me. The
and be thought a fool, than to open Army's general objectives are fig-
it and prove it." uratively distilled out of a complex

broth, whose ingredients are the
What I would like to do for a pertinent portions of our national

few minutes here tonight is to ex- policy, doctrines, intelligence
plore the future with you, in a and technological studies or fore-
somewhat uncertain manner. For casts. The general objectives must
those of us who don't have in our be translated into less general,
possession a fortune teller's more quantified objectives or goals,
crystal ball, looking into the fut- such as operational capability ob-
ure necessarily shows us a rather jectives. Planning processes are
dim and uncertain picture. Most started and as these proceed, tech-
of you as individuals, perhaps as nological barriers which stand in
a result of your background, train- the way of achieving the objectives
ing and experience will, I hope, be become apparent. From an analysis
perceptive and sympathetic toward of these barriers, the research needs
what I have to say. can be derived, and this helps set

the directions of research programs,
A part of my responsibilities both applied and basic.

when I was invclved in R&D matters There was then, I think, a tend-
in the Army was some long-range ency to devote the major attent-
planning for t.e directions which ion to research in the so-called
research should take to help assure "hard sciences," the resulting tech-
that the military hardware we needed nology from which was invisioned
would be the best science and tech- as applicable to hardware which had
nology could provide within the re- to be developed.
straints of time and funding avail-
able. Parenthetically, we thought This was true not only in
our planning was pretty good, but military-related research areas

146



but in the country as a whole. Admiral Rickover's views to the con-
The social and behavioral scient- trary, notwithstanding, I'm pretty
ists were making nosies but not sure that the human factors were
too many p-' le were list- given rather extensive attention in
ening. Many of you probably recall the design and construction of the
the hearings conducted by Senator nuclear subs. And yet the Navy is
Harris about three and a half years having a lot of trouble in holding
ago on a bill to establish a Nat- crew members and in getting reen-
ional Foundation for Social Sciences. listments. I'm sure that all the
At that time, some of the testimony amenities have been provided -- but
suggested that the advance in the man is captive to the machine and
physical sciences had gotten so far he quits.
in front of the social sciences
that we have to consider the pos- So what, you may ask, is all
sibility of a catastrophe as a this about the social sciences? A
consequence. It was also stated, few moments ago, I reviewed in a
Senator Harris was also told, that broad brush manner the steps in
there is very real doubt in demo- long range planning procedures for
cracy's mind whether it really military hardware. Recall that one
wants any more expert advice as far of the inputs forderiving the Army's
as the social sciences are concern- general objectives was National
ed, "for this is peculiarly an area Policies. Incrasingly, our national
in which every single one of us policies are including numerous soc-
thinks he is an expert and that if ial goals; you can all tick off sever-
he is not enough of an expert, he al of these -- clean air, water qual-
would rather play it by hunch." ity, improving our environment in

general; solving the problems of
In a relatively few years, alcoholic and narcotic addition;

these attitudes have changed dram- reduction of interethnic and inter-
atically. There is now rather wide- racial conflict; reduction in crime;
spread recognition that our capab- minimizing the alienation of much of
ility for generating and dissemin- American youth from society; solving
ating new technology has been great- the multiple problems of man living
er than our capability for devising in urban settings; acceptable aye-
adequate organization to match tems of mass transportation; effic-
achievements with aspirations. As ient delivery of health services, etc.
x.- direct our attention to the de-
mands of today's world and the needs The national defense policies are
of tomorrow's, a great majority of not a thing apart -- in isolation.
oar problems are clearly of the sort They are influenced and affected by
to which the social sciences have all of the other national policies --
and should increasingly turn their just as, reciprocally, the other nat-
attention. Advancing technology ional policies are affected by our
has moved thousands upon thousands national defense policy. This is
of people from hand tools to machine true on a broad national scale and it
tools and from work benches to pan- is true in the service club, mess
els and buttons. And yet we really hall and in an armored vehicle. Not
know very little of what this is too long ago, for example, the 7th
doing to the meaning of work in Army experienced potentially serious
human life. But at least I think racial problems arising from friction
there Is now a realization that we between our black soldiers and white
should know what it is doing. Just soldiers. Such incidents could lead
a minor military example in passing. to a greatly reduced capability as a
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combat-capable outfit -- and in a one example:
particularly important area, ob-
served by our allies and our pot- As one reads >.aval history from
ential antagonists. Our social the end of the Rerolution up to about
goals here have resulted in clear the middle 1800's, a picture of the
interaction with our defense goals. Navy develops as a kind of closed

society -- one which you would think
This isn't a new situation in to be immune to influences from the

our history, or in the histories of American society exterior to it.
other countries. About 2500 years Having been patterned on the British
ago, the Peloponnesian War went on Navy, it began as something apart
for more than 25 years. The events from a nation which had thrown off
leading to the outbreak of that war, most of the vestiges of its colon-
the war itself and its aftermath are ial past. The monarchial organiz-
relevant to modern times, because ation and class outlook of the Navy
they reflect the themes of domestic were quite out of step with the
as well as international conflict democratic spirit of the country.
and change. The confrontation was Every warship was like a little
only in part a military contest, kingdom that was ruled with a firm
On a more important level, it was hand by a captain, assisted by
a clash in fundamental values and junior officers who were analogous
goals. The war was a situation to nobles. The captain was the
which evolved from changing social abolut ruler of this domain and life
values, on board ship was usually lived

far away from the sight and super-
In our own country's history, vision of the auLhorities at home.

we can identify numerous major inter- Communications were pretty slow.
actions between our changing social
values and their effects on the mili- You may wonder, under these
tary. I'll take a non-Army example circumstances, how citizens gener-
here. ally could learn enough about the

Navy to generate any concern- The
During the first half of the shortage of sailors to man the ships

19th century, there was a growing provided the opening. Many aspects
participation of the rank and file of naval life could easily be hidden
of American society in the excite- from reform groups but recruiting
ment and work of politics. Accomp- methods could be studied quite eas-
anying this was an increase of ily. The flagrant abuses in enlist-
interest and activity in the wel- ments and discharges which came to
fare of all parts of the populat- light gave impetus to a closer look
ion. Doesn't this have a familiar at the Navy's organization and
sound today? American historians practices.
have characterized this as the "rise
of the common man;" historians have A whole host of reforms was
noted that this interest in improv- gradually forced upon the Navy but
ing the lot of mankind embre'-ed ag- I want to touch on only one of these,
itation on behalf of the Negro since in principle this long episode
slave, workers, women, children, has some bearing on the main point

the poor, the insane, and the im- I want to stress tonight. rlogging
prisoned, among others. Not too in the Navy was outlawed in 1850
much thought or attention has been after some years of effort on the
given to its impact on the country's part of humanitarian reformers dir-
military organizations. Here is ected to Congress. The majority
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of Navy officers were sincerely con- ment," significant changes were intro-
vinced that discipline would be im- duced in the Navy as a result of the
possible onboard ship if flogging slow but persistent pressures result
were abolished. In 1850, the Sec- ing from social reform movements with-
retary of the Navy sent a circular in American society. It did bring in,
to a number of officers asking their and permit the Navy to retain, a
opinions on the wisdom of abolish- higher-type enlisted person -- and
ing flogging. Of 84 who replied, this came about roughly at a time
only 7 felt that flogging could be when the Navy needed better qualified
abolished, and 2 of these were sur- and better motivated persons to cope
geons. No chaplains were quizzed, with the increasingly technical nat-

* In the same year, a Senate Naval ure of naval service. If some of you
Appropriations Committee believed it are interested, you might look for
was utterly impracticable to have an Herman Melville's novel, 'White
efficient Navy without flogging. It Jacket." He is far better known
was their intention to publish a re- for "Moby Dick." This novel is a
port to bring public opinion to the skillful piece of propaganda, drawn
same conclusion. But the public upon from his own service in the U.S.
opinion of the time wasn't so easily Navy in 1843-44, and has been cred-
influenced. During the same year, ited with being more influential in
Congress added an amendment to the "abolishing corporal punishment

. Naval appropriation bill, approved (flogging) in tle Navy than anything
by a very narrow margin in the Sen- else."
ate, which prohibited flogging in
the Navy. If we jump about 100 years,

what do we find? We find the milit-
In today's idiom, discipline ary services engaged in social-

did not "go down the drain" -- the related efforts which were hardly
result was a much happier one. Flog- dreamed possible when flogging was
ging had been a keystone of discipline finally abolished. The services, and
for so long that, when it was sud- now I'll talk mostly about the Army,
denly displaced, naval officers had have been and are concerned with
to adjust to a serious new challenge. many things for the good of the com-
It called for the best qualities of mon man. For those of you who are old
leadership in the Navy. It was a enough, think back to the Army's cred-
proving ground where the inflexible itable handling of the CCC.
or unimaginative officer showed up
poorly. And ijt was also a testing The work camps of the CCC gave

. ground for the men in the ranks; training and employment to 3,000,000
this was the time when the good, the young men from the depression days of
industrious and the law-abiding must the 30's up until the early 40s. The
prove themselves anew. work done was and still is of value,

but of far greater significance was
This action, and other changes, the saving of the spirits of millions

laid the foundations for a career of young people during those diffic-
enlisted service. Opportunities ult times. The CCC didn't hurt the
were also held out for the talented Army either; it gave experience in
and ambitious to rise to the com- handling personnel to many regular
missioned ranks. These changes were officers, and reservists who were
the naval equivalent of the rise of called into duty. The memories were
the common man. apparently lasting ones; I read a

few years ago where a CCC camp was
Thus, in the area of what we now holding a 30-year reunion -- both

would call perhaps "personnel manage- civilians and the military.
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Now there is such a growing broader aspects of national secur-
requirement for the military to as- ity -- all our national goals are
sume responsibility for programs significantly interdependent.
which seem to be strictly sociolog-
ical in nature, that one magazine The military must provide a
article asked the rhetorical quest- trained combat capability; beyond
ion: "Is DoD becoming a sociologic- that, I think we have a responsib-
al lion?" Today, military command- ility to do what we can to produce
era are being asked among other good citizens. All in all, the
things, to accept sub-standard re- Army has done a laudable job on
cruits and draftees, assist in seek- these sociologically related pro-
ing outside employment for potential grams; we usually bear the brunt
retirees, train near-discharge serv- of these tough assignments, but I
ice men for civilian jobs and equip think it is a complement to the
disadvantaged people for future Army that they are called on for
government employment. The DoD the rough jobs, combat as well as
supports these efforts but, under- non-combat.
standably, some of our commanders
concerned about doing their job The Army is not lacking in
well are raising some pertinent iniative in these matters, but for
questions: -- Is DoD turning into the most part, while we have respond-
a welfare society? Why should the ed well, we were told to do these
military train people for civilian things and have followed orders. I
jobs? How can we expect people to am convinced from my observations in
re-enlist when they're greasing the a quite different environment during
skids to help these same people get the last five years, that the social
jobs on the outside? Doesn't the OEO movements in which we are all caught
and HEW have these responsibilities up are going to be with us for a
and aren't they better equipped to good long time. We must change our
deal with these social reform prob- stance. I think it is no longer
lems? These are good questions. enough just to react to an existing

situation.
Secretary McNamara gave a major

part of the answers to these when Our experience in Indo-China has
he initiated Project 100,000. He demonstrated rather conclusively, I
said in part: "Poverty in America believe, that having a combat capab-
affects our national security by ility in the usually accepted sense
its appalling wste of talent. In of the word is not enough. Counter-
the technoL gical revolution that insurgency needs a lot more than that.
is sweeping over the second half of From a combat viewpoint, I'm sure that
our century, the prime natural re- our Special Forces can more than hold
source becomes more and more the their own with the guerrillas. But
,-frential of the human brain. To I believe we were less than success-
the extent that this Nation loses ful in what the British, in their in-
the performance potential of these imitable way, call the Hearts and
millions of human beings, to that Minds program; capture the hearts
extent this Nation's ultimate sec- and minds of the villagers; get and
urity is diminished." The DoD is keep them on our side rather than
not, of course, a social welfare the Comunists (we call it civic
institution. It's first respons- action). There are numerous reas-
ibility is to provide the combat ons why success eluded us, but that
capability needed for national is another big subject.
security -- but at the same time
we have to be concerned with the The point I am making is that we
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in the military have been involved I hope DoD doesn't ov rlook the need
in numerous programs related to until it is too late.
social reform, and mostly because
we were told to do so. We've Perhaps your :st job is to
learned a lot of lessons in Viet convince those further up in the
Nam but had to do it the hard way "chain of com and" hierarchy, civ-

-- through bitter experience. ilian and military, that you can
do this and that it can be of value

It is clear to me that there to the Army. I seem to recall that
is going to be an increasing amount some of your colleagues have tried
of sociological related programs to set up some kind of a social
in the military; civic action prog- science institute for the Army, but
rams will continue to be important. it apparently got bogged down some-
I believe that it is time for the where on high. I have convinced
social scientists (and that includes myself that such a move is needed.
behavioral scientists) to begin em- Possibly, the planned Manpower Re-
ulating their colleagues in the sources R&D Center will fulfill this
physical sciences and begin serious need, at least in part.
studies looking toward the longer
range future. Start the groundwork What I am proposing to you, long
for long range planning for basic range planning for research in the
and applied research of military social sciences, in areas which will
interest (and relevance) in the help achieve our national objectives,
social sciences to complement and is a tough job. It would be for
parallel that being done in the me -- but I'm not a trained social
physical sciences. scientist. You here, most of whom

are working in areas involving both
Getting into long range planning the social sciences and the physic-

doesn't make the short range plann- al sciences and technology, seem to
ing needs go away. A definite short be ideally suited to start promoting
range goal was announced last week the concept.

-- an all volunteer Army in 1973.
There is an immense amount of soc- And that is the challenge I leave
ial science input needed there and for you.
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CHAPTER 6
BEHAVIORAL SCIENCE SUPPORT OF SYSTEM

DEVELOPMENT: NIGHT OBSERVATION

Chairman: Donald K Haggard
Human Resources Research Organization, Division 5

Fort Bliss, Texas 79916

6A. VISION: MONOCULAR, BI-OCULAR, BINOCULAR

George S. Harker
U.S. Army Medical Research Laboratory

Fort Knox, Kentucky 40121

INTRODUCTION Given the desire to produce an
optical system, the optic, in gen-

The terms, monocular, bi- eral, can be specified to a satis-
ocular, binocular are frequently factory degree and matched to the
used to categorize the intended target requirements which in turn
mode of utilization of an optical can be specified generally. The
instrument. A spotting scope is situation is different, however,
usually monocular, the standard with respect to the observer.
microscope has come to be bi- There is a great deal of informa-
ocular, and the usual sports glass tion in the optical literature with
is linocular. In a sense, the respect to the single eye, its re-
term applied to the optic summar- fractive capability, its resolu-
izes certain characteristics of the tion limits, its modulation trans-
observer-optic-target system. The fer function, etc., but very little
monocular system is arranged to with respect to the interaction of
utilize one of the observer's eyes, the observer's eyes as he executes
a single optical axis, and a point the many tasks in which he must
in space from which to view the use his eyes. For example, con-
target field. The bi-ocular is ar- sider the discomfort experienced
ranged to utilize both eyes of the following a period of viewing with
observer, a bifurcated optical a night vision device, the star-
axis, and a point in space from light scope. Difficulty origin-
which to view the target field. ates from the extreme difference
The binocular is arranged to util- in adaptation level of the two

ize both eyes of the observer, two eyes. One eye is light adapted,
optical axes, and two points lat- the other dark adapted. Closing
erally displaced in space from the light adapted eye - a natural
which to view the target field. In defense to excessive light - does
practice the choice of an optic is not change the situation. The
made to take advantage of certain retinal state of adaptation con-
strengths and/or economies asso- tinues and the observer sees a
ciated with the particular system. ball of light or fog between him-
Ideally a system would be maximized self and his surround. This situ-
for efficiency and effectiveness ation is reminiscent of a solution
by fitting the component parts one offered for the maintenance of
to the other. vision in the presence of an atomic
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blast. The observer was to be specific situation. This is the
instructed to wear a patch over ability which permits a jeweler to
one eye in anticipation of the use his loop or a soldier to sight
blast and to switch the patch after his rifle without closing or patch-
the blast to cover the exposed eye. ing the unused eye. The eye is
Those situations involve the stimulated but the observer does
assumption that an observer can not see. Suppression is not always
function monocularly at will. In confined to a single eye or the en-
fact, the observer is binocular and tire eye. The phenomenon of ri-
unable to ignore the unwanted stim- valry (1) occurs when suppression
ulation. alternates from eye to eye and

vision in the individual eye is
Suppose we build a binocular, a lost momentarily either for the

hand held optic to be provided to entire field of view or portions
selected personnel for individual of the field. For example, the
observation. The fact that it is stadia reticle in the eyepiece of
a dual optic does not assure that the military binocular induces
the individua. will use it binoc- suppression of the immediately ad-
ularly. If the binocular is out jacent areas in the other eye, and
of collimation, an observer who for some individuals, can induce
habitually uses both eyes will suppression of the entire field of
probably be aware of the lack of either eye. The stereoscopic im-
alignment and complain, particu- pression of depth can also be con-
larly if the loss of alignment has sidered a phenomenon of suppres-
been abrupt. Yet an individual, sion since it is characterized by
who by our usual tests has binoc- the inability to report certain
ular vision, all too often will use local detail from the individual
a misaligned instrument without eye views. The phenomenon of
complaint being totally unaware of single vision from disparate mon-
the misalignment. It frequently ocular views is usually termed
can be demonstrated that such an "fusion," without specifying the
individual is using only one eye, underlying mechanism which is the
(half the optics provided) while subject of controversy.
suppressing vision in the other
eye. The observer is monocular. BINOCULAR VISION
Between these two extremes, when
viewing a distant scene, a movie I have undertaken in Fig. 1 to
or a television program, the ob- represent the response to a defin-
server is bi-ocular, using either itive stimulus that can be ex-
eye or both eyes with no loss of pected from the visual system over
information. The mode of function- its functional range. At the
ing is determined by a selective simplest level, the horizontal axis
mechanism internal to the observer, represents a bi-directional gradi-

ent of light adaptation for the
THE SELECTIVE MECHANISM * preferred eye relative to the non-

preferred eye. (See Figure 1)
Suppression of vision in one Plus indicates that the preferred

eye in response to conflicting in- eye is adapted to a higher light
puts to the two eyes is a normal level than the non-preferred eye;
response of the binocular visual minus indicates the converse. On
system. It is an adjustment which the left of the figure the pre-
is readily learned, consciously or ferred eye would generally be dark
unconsciously, in response to a adapted and on the right, light
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two eyes becomes equal, as pictured figure. The facts are quite dif-
in the center of the figure, and ferent for the case of movement of
visual effectiveness is appropriate the observer or objects within the
to the available light, field of view. In the center of

this zone where the adaptation
The situation is essentially level of the two eyes is equal, the

parallel for figured stimulation path of movement is as truly per-
in both eyes with the definitive ceived as it can be, given the
contour in one. This is represen- geometric relation of the object
ted by the dotted lines. It is in motion to the background.
assumed that local suppression of (Specific configurations give par-
contour will occur in the eye with ticular distortions, (4) and only
the lesser relative contrast. in rather limited circumstances is
Thus, the usual experience would the true path perceived at all.)
be to see with the preferred eye When one eye is relatively light
when the contrast is greatest in adapted with respect to the other
the preferred eye, and to see with eye (left or right of center in
the non-preferred eye when the con- the figure) moving stimuli are
trast is greatest in the non-pre- displaced in depth. This is the
ferred eye. The relation is Pulfrich (5) effect which is usu-
asymmetrical and favors the pre- ally demonstrated with an oscilla-
ferred eye. ting pendulum and a filter, such

as half a sunglass, held before
STEREOSCOPIC VISION one eye, both eyes beitag open.

The effect can also be seen when
I would call special attention looking from a moving vehicle at

to the central portion of the fig- right angles to the line of travel
ure titled "zone of stereopsis." (6). The half-sunglass is held
For these stimulus conditions, the before either the leading or trail-
range of which is unique to the ing eye and the surround is viewed
individual, the stimulation of the with both eyes open. The effect
two eyes is sufficiently balanced with the sungiass over the trail-
both in contrast and adaptation ing eye is that of looking with an
level that both eyes will function increased base stereoscopic in-
rather than one or the other eye. strument. The depth distance be-
It is within this range of condi- tween objects is increased and
tions that the phenomena of stereo- all objects appear closer and
scopic vision and rivalry occur. smaller. The effect is most pro-
With appropriate "disparate" nounced in the middle distances
images, fusion or selective sup- from 30 to 150 feet when viewing
pression occurs and the stereo- with the unaided eye. The con-
scopic impression of depth is seen. verse - the impression of looking
With markedly different images, with a decreased base stereoscopic
rivalry occurs with its character- instrument - occurs when looking
istic partial suppression, twinkle with the sunglass over the leading
and other associated visual im- eye. Thus, the view from a moving
pressions. vehicle seen with a binocular

observation device with unbalanced
have called this the "zone light transmission will be per-

of stereopsis" because the impres- ceptually distorted. The phenom-
sion of depth from static stereo- enon is usually deronstrated with
scopic stimuli is generally stable ai order of magnitude imbalance
over such a range of illumination in the stimu'ation of the two eyes:
imbalance as depicted in the however, a 10% difference of
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illumination to one eye could pro- apart, however, when the duty
duce a noticeable effect since cycle of each eye is manipulated
the function is continuous, in conjunction with the phase re-

lationship between the eyes. At
Flicker or shuttering of the one extreme a relatively long, 80

field of view, a method of achiev- msec., exposure of one eye, and a
ing light transmission reduction, relatively short, 10 msec., expo-
produces unique visual phenomena sure of the other eye, with a
with or without movement. It is recycle time of 110 msec., results
well established that seizures in the short exposure always ini-
can be precipitated in persons with tiating the perception without
a history of epilepsy by synchron- regard to eye sequence. The di-
ous flicker at an appropriate fre- rection of target motion remains
quency. This is a matter of con- effective in determining the rela-
cern in the selection of helicopter t! '.:th displacement toward or
pilots. It is also well estab- t !ay frr.a the observer; however,
lished that brightness enhancement - ,tng relation between the
occurs with flicker of approxi- t,. -' 4 s (left-before-right or
mately nine cycles per second (7). right-before-left) is no longer

effective and the interaction of
A less known consequent of exposure duration and target mo-

flicker called the Dvorak (8,9) tion is asymmetrical. Systematic
effect involves asynchronous stim- laboratory research of these phen-
ulation of the two eyes. This, omena has only recently been ini-
like Pulfrich, produces depth dis- tiated.
placements of moving targets as a
function of their direction end The potential payoff of the
speed of motion. Independent knowledge to be gained from such
shuttering of the two eye views in research was intimated some years
addition to reducing the overall ago in the observation that the
illumination level opens the possi- visibility of low contrast targets
bility of manipulating the timing was enhanced with an apparent
relations between the two eyes. In movement, coincidence rangefinder
the simplesc instance, if the left under test for Frankford Arsenal
eye is stimulated before th right by the Nortronics Division of
eye, an ob ect moving from left to Northrop Corporation. Apparently
right will be displaced away from the flickering of the field of
the observer and an object moving view permitted the observers to
from right to left will be dis- work both earlier and later into
placed toward the observer; or the twilight hours. Extensive fol-
vice-versa with completely sym- lowup was not supported and the
metrical interaction of eye se- understanding that was achieved
quence and direction of motion (10). did not identify the critical di-
The entire matter is seemingly con- mensions.
sistent with the geometry of ster-
eoscopic vision and reminiscent of DESIGN CONSIDERATIONS
the procedures of air reconnais-
sance where two cameras are ex- Returning to considerations of
posed in sequence to achieve an optical design, another character-
extended stereoscopic base in the istic of the visual system and of
line of flight of the airplane. visual stimuli needs to be appre-

ciated. For example, :n designing
This simple relationship falls a binocular instrument, the
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question must be answered, "What scuttle sidewise. The stereo-
shall be the axial alignment of scopic wandermark moves obliquely
the two optical systems?" This getting larger as it goes out.
question arises from the fact that The stadia reticle, in addition to
the accommodation drives the con- occluding increasingly larger
vergence of the eyes and con- portions of more distant targets,
versely, but not to the same de- appears as a window through which
gree. In general, once fusion is the observer looks into the field
achieved, an observer can encompass of view. In some instances for
considerable variation in vergence some observers, the perceptual
distance without experiencing loss distortion is sufficient to pre-
of clear vision. Yet, a change in elude the observer using the optic
accommodative distance is accom- as intended.
panied by a corresponding change
in convergence distance. At the Because of this, one can legit-
present time there is no single imately ask, "Can we identify those
answer to this question just as compromises that optical instru-
there is no single answer to a num- ment3 impose on visual functioning
ber of other questions which stem which are and are not acceptable?"
from the fact that naturally occur- Certainly, if this information was
ring visual srimuli and the re- available beforehand optical de-
sponse of the visual system change sign efforts could be more effec-
along several dimensions simultan- tive. Unfortunately, this infor-
eously. For example, a change in mation is, at present, a matter
the physical distance of a fixated of accumulated experience. For
object results in lateral dis- example, in a recent developmental
placement of the object in the effort two unity power optics were
field of view, a change in angular offered for a headmounted viewing
subtense, and a change in contrast device; the one optically refined
or some other aspect of the illum- and expensive, the other gener-
ination. Optical manipulations ally inexpensive. These optics
similarly effect the inter-rela- were evaluated each against the
tions of stimulus variables. Tele- other and against the headmounted
scopic magnification changes the housing with no optics. The test
angular relation between frontal used was truck driving, a series
and depth extents from that exist- of standardized maneuvers for'
ing in the natural environment, which there were accumulated Army
Lateral displacement in the single population measures. The renults
eye view of a stereoscopic ranging ranked the optics in order; "irst,
reticle neglects the stimulus to the headmount with no ?nclud :d
accommodation and the apparent optics; second, the hei dmount with
size change associated with the the expensive optics; and third,
depth displacement of a real ob- the headmount with the inexpensive
ject. The choice of a single line iptics. The primary performance

width to produce a stadia reticle decrement was associated with the
for use at multiple distances ig- :-duction in field of view and the
nores the change of angular sub- mount which obstructed head move-
tense with distance which charac- ment. In no instance did the
terizes a real object. Each con- average performance with either
promise has its perceptual c optic fall outside the range of
sequence. Vehicles moving c,- . erformance to be expected of 80%
liquely across the field ofrI;.: - the Army population. Stated
are seen, through a binoculac. t i, other way, the.re was no statis-
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tically significant difference in 2. Walls, G.L. A theory of ocular
performance of the soldiers with dominance. AMA Arch. Ophthal.,
the devices on the truck driving 1951, 45, 387-412.
tasks. Presumably one could sub-
stitute the less expensive for the 3. Hartmann, G.W. The increase of
more expensive optic. In fact, visual acuity in one eye through
the more expensive optic was adop- the illumination of the other.
ted to assure maximum capability J. exp. Psychol., 1933, 16, 383-
with the item. 392.

RESEARCH REQUIREMENTS 4. Gogel, W.C. "he measurement of
perceived size and distance. In

Such testing can substitute for W.D. Neff (Ed.) Contributions to
field experience with the system Sensory Physiology, Vol. 3,
under development and offers a de- Academic Press, Inc., N.Y., 1968,
gree of objectivity often lacking Pp. 125-248.
in a field test. Yet it does not
provide hard data for design guid- 5. Lit, A. The magnitude of the
ance. Much as the measures taken Pulfrich stereo-phenomenon as a
and the items of equipment tested function of binocular differences
represent real variations within of intensity at various levels of
the design criteria and test situ- illumination. Amer. J. Psychol.,
ations used, they do not necessar- 1949, 62, 159-181.
ily represent significar.t differ-
ences along critical dimensions of 6. Enright, J.T. Distortions of
visual functioning. The whole apparent velocity: a new optical
exercise may, in fact, have been illusion. Science, 1970, 168,
nothing more than a test of minor 464-467.
variations of essentially equiva-
lent visual conditions. The deter- 7. Bartley, S.H. The psychophys-
mination of the truth or falsity iology of vision. In S.S.
of this last point will not be Stevens (Ed.) Handbook of Ex-
resolved by more and more elaborate perimental Psychology. Wiley,

:eld tests. Fundaaental knowledge N.Y., 1951, Pp. 921-984.
uf the visual system in all its as-
pects Is ne=essary to identify the 8. Dvprak, V. Uber analoga der
stimulus d'mensions critical to personlichen differenz zwischen
effective visual functioning, in- beiden augen und den netzhaut-
cluding their iange and the change stellen desselben Auges.
that will coneti-ute a significant Sitzgsber.d.k.bohm. Gesellsch.d.
change within each dimension. Only Wiss, in Prag, 1872, Pp. 65-74.
when such informatio. is available
will it be possible to evaluate an 9. Harker, G.S. A saccadic sup-
optical design varlat on in terms pression explanation of the
of its significance _r effective Pulfrich phenomenon. Percept. &

seeing. Psychophys. 1967, 2, 423-426.
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function for the non-preferred
eye is essentially a mirror image
of the preferred eye function.

ZOE OF POTETIAL This makes the figure somewhat con-
HOI O fusing but it serves as a reminder

NICli that the visual system is always
a binocular and apparently responds

otherwise only because of a unique
combination of conditions.

% In the middle of the figure,
SEYE both eyes receive essentially the

-- 0NEIN srIUUATHIN If same level of stimulation and the
LOW ONE EYE definition of "preferred eye" is

-- AMD SI ILATON OF DIE EYEs presented as that eye which pro-

0 o + vides the best capability under
normal viewing conditions. Alter-

DIFFEENCE OF LIGHT ADAPTATION AND/Of nate definitions might be: thatSTIMULUS CONTRAST iN TH£ TWO EYES. haedintosihtbt ht
eye which is used the greater per-
cent of time in a rivalry situa-
tion; or that eye towards which

adapted. The solid line with the "fused" detail is displaced
filled circles traces those condi- in stereoscopic vision (2). On
tions in which the preferred eye the right side of the figure, max-
is provided the definitive contour imum effectiveness occurs for the
and the non-preferred eye is uni- preferred eye for some general
formly stimulated as from a sky level of stimulation of the non-
backgorund. The solid line with preferred eye which is less than
open circles represents the con- the stimulation level of the pre-
verse. The dotted line traces ferred eye (3). Finally, at the
conditions in which both eyes re- right of the figure is depicted
ceive contoured stimulation but the condition in which the pre-
each eye a different figure as in ferred eye alone is stimulated
the acuity tests of the Sight and the non-preferred eye is
Screener, a stereoscope or a visual covered with a black patch. This
rivalry demonstration. The stimu- is the condition experienced by
lation which will be seen for any an observer with the Starlight
combination of conditions is that scope. The filled circle portrays
which adapts the stimulated eye to viewing with the scope and the
the higher light level. Thus, on open circle portrays the attempt
the left of. the figure the stimu- to see immeiately following a
lation or image presented to the period of viewing with the night
non-preferred eye will dominate vision device. Since the stimula-
even though the observer may wish tion provided by the more light
to see with the preferred eye. If adapted eye will dominate, visual
the observer could consciously sup- effectiveness will be high with
press the non-preferred eye, he the device. On the other hand, the
would be prepared to see "in the residual light adaptation will pre-
dark" with the preferred eye. clude seeing in the dark with the

preferred eye as well as with the
The functions for both the non-preferred eye when the device

preferred and non-preferred eye is initially laid aside. Given
are shown in the figure; the time, the adaptation state of the
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66. HARDWARE PARAMETERS RELATED TO
OPERATOR TRAINING CAPABILITIES

Harold P Bishop
Human Resources Research Organization

Fort Knox, Kentucky 40121

INTRODUCTION effectiveness in target acquisi-
tion and to the development of
training guidelines applicable to

In this paper I would like to the requirements of devices which
describe some of the research we will be distributed in the future.
have conducted under HumRRO re-
search project NIGHTSIGHTS. The TRAINING IE AN/TSS-7 OPERATOR
broad objectives of this research
are to identify critical human The work described her, is
factors problems in the use of representative of our effort to
new night observation devices and develop training programs and
to develop effective techniques of Pictorial Training Aids for a
training men in the use of these selected set of high-priority night
devices. In working toward these observation devices. Other devices
objectives we have carried out a for which training programs were
number of investigations and I or are being developed include
would like to characterize our the Airborne Search Light, the
work with two examples. AN/ASQ-132 Iroquois Night Fighter

and Night Tracker, the Ground

First, I will outline our Surveillance Radar and the AN/VAS-I
approach to the problem of the Far Infrared Target Indicator.
development of training programs
for immediate application to the
training of operators of specific Problem:
devices, and present some of the
results obtained in an experiment- The AN/TSS-7 Night Observa-
al comparison of two techniques in tion Device, Long Range is a
training operators of the AN/TSS-7, versatile device which can be
a long range aight observation de- operated in a number of active and
vice. passive modes. The device is more

complex than many night vision de-
Second, I will describe our vices and presents more stringent

approach to the investigation of training requirements. The ob-
factors which limit operator jectives of the research were the
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development of a suitable training ment of the Lesson Plans and materi-
program, an experimental evaluation als to implement training objec-
of a Pictorial Guide to be used as tives. This step included the
a training aid, and an experimental specification of the training pro-
comparison of traditional platform gram or sequence of materials, the
instruction with a videotaped development of appropriate written
instructional sequence. and performance tests, and the

development of a Prototype Pictorial
Approach: Guide to be used as a training aid.

The development of the train- To evaluate the developed
ing program was carried out in two training program and to determine
main steps. The first step was the effectiveness of the use of
the development of a set of Train- videotaped instruction ir compari-
ing Objectlves, that is, statements son with standard platform instruc-
of capabilities which the trainee tion, a total of 37 enlisted men
would have at the end of the train- were given training in NODLR opera-
ing period. This step required tion. The EM were divided into
us to analyze the application of two groups; one group received
the device, to analyze the opera- standard platform instruction and
tor's tasks, and to specify the the other, videotaped instruction.
skills and knowledges necessary for Within each group one-half of the
the operator to perform these tasks. EM were given the Pictorial Guide
The next step, using the results to be used as a training aid. The
of these analyzes, was the develop- experimental conditions are summari-

zed in Table I.

TABLE I

SUMMARY OF CONDITIONS IN EXPERIMENTAL COMPARISON
OF INSTRUCTION APPROACHES

TYPE OF INSTRUCTION

PLATFORMPLATFORM VIDEOTAPE
INSTRUCTION

GROUP 2 GROUP 4PICTURE GUIDE N9Nl

TRAINING
AID "

NO PICTURE GUIDE GROUP 1 GROUP 3
Nm -0 N= 8
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Except as indicated by the (3) The lower mean group skill
experimental variables, -'i the EM level of the group given platform
received the same training time, instruction reflects the low scores
the same subject matter, and the obtained by the subgroup which did
same amount of practice with the not use the Pictorial Guide. The
NODLR. Written and work sample scores obtained by the subgroup
tests were administered at the end which used the Pictorial Guide did
of each training sub-unit and at not differ from those obtained by
the end of the course, the groups trained with the use of

the videotape.
Results:

The results show both the
The end of course scores on effectiveness of the Pictorial

the written and work sample tests Guide as a training aid used with
are plotted in Figure 1. the platform instruction, and the

effectiveness of videotape presenta-
tion. I should emphasize that a

WRITTEN TEST --- zoom type camera lens was used for90 WORK SAFL TEST -
Y~R( SNFL TET - recording the training material.

85- -- -- One interpretation of the data is
. - that the effectiveness of the

videotape presentation is due in
part to the use of this lens to re-

cord detailed information, similar
to that included in the Pictorial

PGuide, for presentation to the EM.

STR.CTIN HSTRCXTIN TAPE TAPE
WiH nWTH TRAINING FOR FUTURE REQUIREMENTS

PCTURE PCTUREGLIE G The limited data available

from other sources as well as re-

Figure 1. Mean End of Course Scores sults we have obtained in worki, .
for Groups Trained With Different with night observation devices
Techniques. indicates that the utility of

these devices is often operator
The main results of the experi- limited. Further, this limitation

ment are: is related to the operator's fail-
L ure to note, or his inability to

(1) Specific knowledge, as perceive and interpret the critical
tested by the written examination, target information the device pre-
did not vary significantly with the sents to him.
type of instruction or the use of
the Pictorial Guide. In the future, the perceptual

and mental limitations of the opera-
(2) Mean group skill level, tor will be the greatest hindrance

as measured with the work sample to full exploitation of the poten-
test, was greater for the group tial of night observation devices.
trained with the videotape than for New devices will be much more
the group trained through platform sophisticated and complex, and
instruction, should be employed in a widening

range of situations. In order to
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realize the potential utility of display variables, then to develop
new devices it is necessary to effective training techniques to
systematically investigate the increase t!te observer's proficiency
limitations of the operator and in target acquisition.
to develop training guidelines for
techniques to reduce these limita- Approach:
tions. The resulting information
will provide needed input for de- Since the first problem is to
vice designers and personnel re- identify and isolate the most
sponsible for planning and doc- important variables, our present
trine, as well as a factual basis efforts are laboratory experiments.
for solving training problems per- Here we can control the influence
taining to specific devices and of hardware variables as well as
applications, extraneous variables which might

affect performance. Through our
Problem: choice of targets and observaticn

conditions we can study the effects
An important characteristic of of display configurations and

the observer is his capacity for determine to some extent the physio-
processing visual information logical or sensory limitations of
quickly and accurately. In many the observer's performance. The
surveillance situations, an observ- knowledge and understanding gained
er employing a night observation in these studies will provide the
device may be expected to detect basis for the development of train-
and identify a target which appears ing techniques to improve the ob-
and moves across the visual display server's performance, and for de-
in a very short time. For example, veloping mcore cost effective pro-
the device may have an automatic grams for training men to operate
scan feature or the operator and specific devices.
his device may be located in a
moving vehicle. Under observation Procedure:
conditions such as these, the
probability of target detection and The first series of experiments
identification may be very low. is designed rnarixy to determin
For our purpose we may simplisti- the perfo 'a:,e limits of untraineo
cally attribute this performance observers under a variety of sim-
limitation to two sources of inter- ple observation conditions. The
acting variables. The first, hard- variables we are manipulating in-
ware and display characteristics, clude type of target, location of
includes, for example, the field of the target in the visual field, and
view of the device, its sensitivity number of targets the observer must
and resolution, type of viewing, identify. Our general procedure is
target-ground contrast, location to determine the minimum brightness
and size of target in the field of required for detection and identifi-
view, and its rate of motion. The cation of a target projected on a
second source of variables is the dimly illuminated field for a
observer whose perceptual and men- variable short time.
tal characteristics limit his capa-
city to utilize information which The following results were
the display may offer. The problem extracted from a pilot experiment
is first to isolate, identify, and on the effects of the number of
relate these variables to the different targets the observer had

162



2r
to recognize. Th~e targets were pre-
sented one at a time from sets of
two or eight targets. The targets W N... i
were flashed repeatedly at succes- _
sively greater brightnesses and the N N

task of the observer was to detect N N

and then to identify each target 8 N

at the lowest possible brightness _J
level. The targets were silhouettes 0

of geometric figures, random forms, O 1
and military targets. The observer
viewed the screen with one eye and TARGET TIME (LOG SEC)
the conditions were chosen to rough-
ly represent the task of observing Figure 2. Mean Relative Log Bright-
a target of tank size at 1000 meters ness Thresholds for Target Detection
through an image intensification de- and Identification of (Subject T)
vice on an overcast moonless night.

The salient features of these
Results: data are:

The results are unverified and (1) The subject required much
are used simply to illustrate the greater target brightness to detect
performances of the subjects. or to recognize the targets than

subject T did.
The trend of the responses of (2) The critical time of ap-

subject T, to two simple targets, a proximately 1 second is very much
square and a triangle is shown in longer than the critical time ob-
Figure 2. I would like to stress taned for subject T.
two features of the data: (see Fig.

2) These data probably suggest
(1) The subject required con- the upper limits of performance of

siderably greater target brightness untrained observers. The subjects
to identify the targets than to de- were extremely well motivated and
tect them.

2-
(2) When the targets, were ex-

posed for a critical time of less
than shout Q.l second, the target
brightness required for detection
and identification increased very 0cLr e
rapidly as exposure time was de-
creased. O

0

The trend of the responses of 0
another subject, J, is shown in
Figure 3. A set of 8 targets, in- T 0
cluding 3 military targets, was TARGET TIME (LOG SEC)
used to obtain these responses. (See

Fig. 3) Figure 3. Mean Relative Log Bright-
nessThresholds for Target Detection
and Identification of (Subject J)
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better than average in intelligence, emphasize the variety of problems
and the observation conditions were which may require solution in the
extremely simple. The differences process of developing training con-
in target brightness requirements cepts and programs. The operator
for detection and identification and and his device are elements in a
the long target presentation time system, small or large, and have
that subject J required, clearly the vital function of gathering and
suggest, however, that target ac- processing information necessary to
quisition performance may be signi- carry out the mission of the sys-
ficantly improved by training. We tem. We cannot limit our concern
plan, in the next series of experi- to training men to perform specific
ments, to determine the effects of operations with certain devices, but
target movement on the observer's must consider all aspects of the be-
performance and to investigate tech- havior required of him. We must be
niques of training operators for more concerned than we have been in
efficient target acquisition under the past, with the operator as a
conditions of limited target expo- processor of information, and with
sure time. the factors which limit his behavior

in this capacity. It must also be
CONCLUSION realized that these limitations are

the concern not only of those in-
In this overview of the activi- volved in training, but also of

ties of the Work Unit NIGHTSIGHTS, everyone involved in the process of
a primary objective has been to maximizing operator and system

effectiveness.
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6C. ENVIRONMENTAL FACTORS AFFECTING
VISUAL PERCEPTION

John L. Kobrick
U.S. Army Research Institute of Environmental Medicine

Natick, Massachusetts 01760

It is well known that extreme information we receive about the
environmental exposure can be real world comes from the visual
expected to impair human perform- sense.
ance; e.g., muscles and joints
stiffen in the cold, beyond some It has been known since the
level of exertion men collapse in early 1900's (8) that reduction of
the heat, etc. The important atmospheric oxygen content pro-
question, of course, is what duces a condition called anoxia,
impairments occur at various de- and more properly hypoxia, which
grees of exposure, and how much? results in impairment of visual
The mission of the Army Research capability. Although we know
Institute of Environmental Medi- that these changes are rapid and
cine is to determine the nature significantly large, almost all of
and extent of impairment in mill- our information concerns only per-
tary performance due to stresses formance in the center of the
produced by the natural environ- visual field. Peripheral vision
ment (heat, cold, wind, hypoxia), has been largely overlooked, even
and by the effects of work, both though common sense will tell us
physical and psychological. Anoth- that the "corner of your eye" can
er aspect of this mission is to be very important in many military
develop treatment and preventive tasks. I would now like to des-
techniques for such generated cribe a series of studies which
disabilities. The research I am we conducted to examine the ef-
about to describe was designed to fects of hypoxia on peripheral
provide some answers to the ques- visual sensitivity, and show you
tion of what happens to the sol- the major results.
dier's performance under exposure
to different naturally-occurring
environmental hazards which he is We know that the color sense
apt to experience in the field, is a basic attribute of vision,
specifically with respect to his and certainly must figure impor-
visual capability. This is an tantly in many military tasks.
important area to examine, since Since we know that color detection
it is estimated that 80-90% of the sensitivity is distributed spa-
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tially in zones in the visual it is clear that the differences
field, we raised the question of due to hypoxia are much smaller.
what happens to color sensitivity This drug seems to have winimized
in the peripheral visual field the decrements which otherwise
under stress, in this case hypoxi. occurred among the group which
To answer this, we measured the did not use it. Thus, this study
outermost extent of these zones &howed that peripheral sensitivity
within which colors could be to color detection is systemati-
detected under different degrees cally impaired with increasing
of hypoxia exposure (5). Each hypoxia, and that acetazolamide
subject was tested for red (611 may prove to be an effective medi-
mu), green (510 mu), and blue cation both for mountain sickness
(494 mu) visual sensitivity during and for reducing such visual
four-hour exposures to four dif- decrements during mountain opera-
ferent levels of hypoxia (0,13,000 tions.
15,000, 17,000 feet). These
levels were induced by breathing The above study involved
oxygen-nitrogen mixtures equiva- mainly a sensory task; i.e., the
lent to those elevations, and were detection of a color stimulus.
given in different sessions one However, most visual performance
month apart. In each session, the involves not only the detection
subject was tested twice, at 1/2 of a stimulus but also a response
hour and at 3-1/2 hours of expo- to it in a meaningful way, which
sure, for each eye, and at high we refer to as perception - the
and low target brightness. In interpretation or placement of
addition, two groups of 12 sub- meaning on visual events. We,,
jects each were run, one group therefore, raised the question
being given acetazolamide tablets, next of what hypoxia might do to
the other group being a control a perceptual task involving peri-
who were given equivalent-appear- pheral vision. To investigate
ing placebo .tablets. The drug this, we conducted a study in
acetazolamide was tested because it which subjects were required to
was previously shown to reduce the make a very simple voluntary
effects of mountain sickness in a response, that of pressing a
field maneuver conducted by USARIEM button whenever a stimulus was
using Army Special Forces troops detected (7). The button both
at Mt. Evans, Colorado (1). The turned off the light and stopped
results of the present study are a timer which was initiated when
shown in Figures 1 and 2, which each' light flashed. This was done
for brevity represent the color while the subjects viewed a dis-
sensitivity zones averaged across play of 48 stimulus lights evenly
red, blue, and green, for the vari- distributed throughout the visual
ous test conditions. Figure 1 field in a hemispheric arrange-
shows the placebo group results, ment which is shown in Figure 3.
and indicates that the zone size The 48 visual stimuli were arrang-
in which color could be detected ed along 12 radial axes spaced at
became smaller with increasing 30* intervals, with each axis con-
hypoxia. Sensitivity further dete- raining four lights angularly dis--
riorated with continued exposure, placed from the center (120, 38*,
and was worse-for a dim target 640, 90°). Since the subject
than for a bright one. The drug could not predict the location
group performance is shown in or time of onset of the stimuli,
Figure 2. One can see the same his response time (RT) was assumed
trends as in Figure 1, but also to rgpresenC his unbiased percep-

166

L



.1A.

54

n

167



141

I" 4

Ind.

SJO

4 168



I

I

PLAI VIEW SIN V
Figure 3. Schematic diagram of the stimulus configuration for the

peripherAl response time test.

tual capability as influenced by graphically in Figures 4, 5, and 6
stimulus position. A previous giving the group mean RT's for de-
study showed that RT's are much grees of hypoxia. Figure 4 shows
longer for stimuli in the upper and that average RT increased as the

I lower visual periphery compared to stimuli became more peripheral,
those along the horizontal ay-ls; even at sea level. However, with
also, there is almost no improve- increased elevation and therefore
ment in RT beyond a practice period, increased hypoxia, the RT's increas-
so that for practical purposes they ed even more, than the sea level
can be considered to be fixed values changes, and in direct relation to
which do not continue to change severity.
during performance of the task (2).
In the present study, 10 subjects Figure 5 represents average
were exposed individually to each RT's for each of the different
of four elevations (0, 13,000, radial axis in the visual field.
15,000, 17,000 feet) simulated by It is clear that RT's were longest
breathing equivalent oxygen-nitro- for the central areas of the upper
gen mixtures in a barogaseous and lower visual field. Again,
chamber. Each session involved a hypoxia generally increased the
4-hour exposure in which the task RT's even more, with the greatest
was repeatedly performed four times. changes occurring in the upper and
The sessions were spaced one week lowcer central areas.
apart. The results are shown
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Figure 4. Group average response times for degrees of stimulus
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Figure 6. Group average response times as a function of continued
hypoxic exposure.

Figure 6 represents the grand to be performed while peripheral
mean of all RT's for each of the 4 signals must be detected at the
tests. Thus, this graph shows the same time. Since hypoxia affects
trend of performance across 4 routine random monitoring alone,
hours of hypoxic exposure. It is one can ask what it might do to per-
clear that the effect of hypoxia formance if more demands such as
was in direct relation to seven- central monitoring are placed on the
ty, with an initial rapid rise operator besides the situation used
within the first two hours, and above. In order to answer this
only slight recovery. We can sum- question, we conducted another
marize these effects by saying study in which the exact experiment
that hypoxia rapidly affects re- described above was repeated but
sponse time to visual stimuli, with with the addition of another light
the greatest decrements occurring at the center of the visual
for the upper and lower central field (6). This light also flashed
areas of the visual field, where on a similar random pattern and
performance is poorest even in the the subject now was requi:ed to
absence of stress. This suggests operate two switches, one in each
that target detection should be hand, one in response to a pern-
expected to be poorest in these pheral light and the other to the
areas, and the location of warning central light. Figures 7, 8, and
lights and emergency indicators 9 show the collateral values for
should probably be elsewhere, this study in similar fashion to

Figures 4, 5, and 6. The results
The above task is typical of shown in Figures 7, 8, and 9 are

the random monitoring situation, very similar to those of the pre-
but many equipment operations re- vious study, except that the effects
quire some centrally located task of hypoxia were not nearly as
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Figure 7. Group average response times for degrees of stimulus peri-
pheralization during central monitoring.

pronounced, especially in regard operator should be able to compen-
to the overall effects of contin- sate for his perceptual losses if
ued exposure, where the differences his arou3al level is maintained.
between both test points and levels
of hypoxia are quite small. It On the basis of these studies,
should also be mentioned that RT an additional question can be
values were generally shorter than raised; namely, what happens to
in the previous study. Therefore, this kind of performance under
it seems that the central task more prolonged hypoxic exposure.
functioned as an arousal device, In order to investigate this, we
which acted to maintain attention recently completed another study
and alertness of the operator. in which subjects performed both
Comparing these two studies, it tasks under 48 hours exposure to
looks as though hypoxia generates a simulated altitude of 15,000
inattention or loss of alertness, feet in our hypobaric altitude
which when present affects the chamber. The subjects performed
peripheral more than the central the task 5 times during the exp--

II

visual field. However, these lapses sure period. Since the data arecan apparently be overcome by add - presently being analyzed, the out-
toonal stimulation, so that the come is unknown at this time but
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will be available shortly. In fact, Dr. Ross McFarland, Direc-
tor, Harvard School of Public

The Army is also interested Health, states that the habitual
currently in night operations, in smoker at sea level is actually
which the enhancement of visual living physiologically at an alti-
effectiveness is crucial as evi- tude of 5,000 feet. Smoking has
denced by the need to develop a several well-recognized effects
family of image intensification upon the visual system, one of
devices such as the Starlight which is a loss in light detection
Scope. It has long been known that sensitivity. Since smoking is corn-
hypoxia seriously degrades the mon among troops, it becomes prob-
light sensitivity of the eye, which lematic as to what its effects may
in the normal state occurs under be upon night operations and also
conditions of total darkness with- how much it reduces visual -apabi-
in 1/2 hour and represents a lity when combined with the hypoxia
100,000-fold increase in sensitivity, generated by altitude exposure. In
However, the effects of chronic order to investigate this, we are
hypoxic exposure upon the dark presently planning a study in col-
adaptation process have never been laboration with Walter Reed General
studied. Therefore, we repeatedly Hospital of the combined effects of
measured this continuing change in smoking versus non-smoking upon
light detection threshold during dark adaptation and peripheral vi-
the previous study involving 48 sion during 48 hours of exposure at
hours exposure to 15,000 feet al- each of 3 altitude conditions (sea
titude (at sea level, 1, 18, 24, level, 10,000, 15,000 feet).
and '.2 hours). The results are
shown in Figure 10. One can see an We have also done some work
initial major increase in thres- to determine the effects of other
hold (loss of sensitivity) at one environmental variables besides hy-
hour, followed by a gradual re- poxia on visual performance. In
covery up to about 44 hours, where this line, I would like to des-
sensitivity apparently began to de- cribe two other studies which we
teriorate again. Unfortunately, it conducted to determine such effects
was necessary to terminate the due to low ambient temperature and
study at this point so that the sub- wind exposure.
sequent trend is unknown and re-
mains a question for future re- In one study, 12 subjects
search. Nevertheless, it is signi- were exposed on different occasions
ficant that major losses of sensi- to the 20 possible combinations of
tivity occurred so rapidly, and 5 ambient temperatures (70, 20 ,
never recovered to the original 00, -20, -40°F.) and 4 wind speeds
sensitivity levels seen at sea (0, 10, 20, 30 mph) (3). The vi-
level, even though some recovery sual task consisted of setting the
did take place. minimum visible gap between two

vertical black lines seen against
Related to this are the effects a white background at a viewing

of the familiar habit of cigarette distance of 20 feet, a task de-
smoking which generates a state of finable as minimum visible visua.
functional hypoxia in the user. acuity. The group average
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Figure 11. Group average visual acuity-thresholds during exposure to
various combinations of low ambient temperature and wind.

discernible threshold in visual temperatures lower than 00, and
angle units is shown in Figure 11. that increased viewing distance
It can be seen that visual acuity resulted in major increases in
deteriorated dramatically for tem- error magnitudes, as one should
perature exposures lower than expect. In Figure 13, similar
-20*F., and for windspeeds of 20 effects are seen for exposure to
mph or higher, and for their corn- windspeeds beyond 10 mph, which
binations. These are important again increase in expected fashion
effects, because the exposure peri- for longer viewing distances.
od involved was only one minute. These results again are rather

significant, because they, too,
In another study, 480 subjects were produced by exposure periods

were exposed to the same tempera- of no longer than one minute.
ture-wind-speed combinations and
performed a bir.ocular depth per- These two studies show that
ception task at three viewing dis- other environmental factors are
tances (20, 40, 60 feet) (4). The capable of markedly reducing the
results are shown in Figures 12 efficiency of the soldier's vi-
and 13. In Figure 12, the group sual perception. I believe that
mean separation between the target the data for windepeed effects
rods (corresponding to error in are particularly significant, since
depth judgment) is plotted for tern- personnel riding in unscreened
perature exposure conditions for moving vehicles are very likely to
each viewing distance. One can see be exposed to the windspeeds tested
that errors increased markedly for here, and such wind effects can
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only be expected to increase at stimuli on intentional re-
lowered ambient temperatures. Ad- sponse time. Journal of
mittedly, these data have only Engineering Pychology, 1965,
determined that significant impair- , 1-8.
ments will occur. The basic mech-
anisms affected and the means of 3. Kobrick, J. L. Effects of expo-
prevention of such decrements re- sure to low ambient tempera-
main to be determined. ture and wind on visual acuity.

Journal of Engineering Psycho-
In this paper, I have attempt- logy, 1965, 4, 92-98.

ed to describe the general approach
we are using at USARIEM to first 4. Kobrick, J. L. Effects of view-
determine whether the various clas- ing distance, low ambient
ses of environmental exposure do temperature, and wind exposure
in fact produce decrements of on binocular depth discrimina-
practical size in the various at- tion. Perceptual and Motor
tributes of behavior involved in Skills, 1969, 28? 647-656.
military performance, and if pos-
sible, the relative magnitudes of
these decrements. From there, once 5. KbrickJ. L. Effects of hypox-
we know impairments occur, we hope ia and acetazolamide on color
to identify the basic mechanisms sensitivityazo n e i n color
involved in the failure, and to sensitivity zones in the visu-
develop techniques for prevention f
and treatment of the disabilities. Physiology, 1970, 28, 741-747.
These studies have merely scratched 6. Kobrick, J. L. Effects of hypox-
the surface, and we plan to contin-
ue in these directions as well as it on voluntary response time
in studies of the effects of heat to peripheral stimuli during
exposure, and also fatigue. central target monitoring.

1970. Submitted to Ergonomics.
REFERENCES

1. Forwand, S. A. Landowne, M., 7. Kobrick, J. L. and Dusek, E. R.

Follansbee, 3. N. and Hansen, Effects of hypoxia on voluntary
3. E., Clinical and physio- response time to peripherally
logical effects of acetazola- located visual stimuli. Journal
mide on acute mountain sick- of Applied Physiology, 1970,
ness. New England Journal of In press.
Medicine, 1968, 279, 839-845.

8. Van Liere, E. J. and Stickney,
2. Kobrick, J. L. Effects of J. C. Eypoxia. Chicago:

physical location of visual Univ. of Chicago Press, 1963.

178

I



r

6D. BESRL FIELD EXPERIMENTATION FINDINGS
ON PERFORMANCE EFFECTIVENESS WITH

NIGHT OBSERVATION SYSTEMS

Jack J. Sternberg
U.S. Army Behavior and Systems Research Laboratory

Fort Ord, California 93941

INTRODUCTION has, with the support of the Combat
Developments Command Experiments-

Human performance rtesearch in- tion Command (CDCEC), been conduct-
formation on night observation ing research with night observation
devices and sensors is required by devices. In order to make the re-
many different military users. search on these devices meaningful
Training personnel want to know and realistic, it was necessary,
what kind of training is required first, to identify the critical
and how long it will take. Op~r- factors affecting performance.
ating personnel need to knov how Second, appropriate research tech-
the devices should be v.seed and how nology had to be developed. Fi-
their effectiveness is influenced nally, relevant experimetts had to
by environmental fa-.tc.-s. Develop- be so de2signed that data could be
ment personnel want answers on con- extrapolated to cover a great
cepts, doctrine, and organization. variety of combat conditions, and
Engineers seek to determine how also so 'h Iat research findings
the hardware can be improved. War could be generalized to other
gaers want to identify the key related systems.
variables and their related parame-
ters for inclusion in their uodels.
And there is thw military planner RESEARCH PROCEDURE

who wants a basis for his estima,%e
of the potential tactical effec- The series of experiments con-
tiveness of a system--will It in- ducted to date by the BESR1. Field
crease present combat capabiiities Unit have tested the performancL
and to what extent? Should he buy of "players" using different de- A
or not buy? Hie needs all the in- vices under varying conditions and ]
formation--and in consolidated search requirements. Experimenta-
form. tion has been with passive night

vision devices--specifically, the *1
To provide information for Starlight Scope (SS), the Minircope ;4

these potential users, BESRL has (MINI), the Crew Served "weapon
established a fiel! experimenta- Sight (CSWS), and the Night Obser-
tion unit at Fort Ord, California. vation Device, Medium Range (NOD) .
For the past two years, this .nit These devices were selected because
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01' immediate prc'se of their Junct~ wftt a bcdiverssl D~evice

I0rge-scale deployment in combat Platform (UDP) on wl 4." the aigt

ind combat-ready zones. visicn dwvice,- a -± mo ited. Th'
UDP contains ?nucoc er- ,hi.h measur~e

The ixist,:umentat~lon system used, the azimuth sc:? eieva_ ion cZ the
the MIDAS, is -new design devel- device with arcuracv within ,Te
ot)p c .htougb prelhiniry experimen- tenth of a deqree, iL -Is(. con-
tatJ.oik. LAIDAS is a-,, acronym for tains multiple buttons for plpyer
Multiple Input Data Acquisition responses, viiich Are record,-d on
system (the systenm was earlier the MIDAS_ ',4r7 ,A-.mut-. and ele-
callpd the Digital Electronic Data vation of7 each de,'icc is r' corded
Acquiuition Sysc!-m' .Figure 1 continuousl- at the rate of five
shows a photograph of the system. times per -icorid, pro'7ieivg a fine-
The mIPAS, vsn-mounted to allow grained permanert rec-ord of each
mobility, prrmit;! the collection of player's search lehavl.,r. The
reliable data under fi-ld conal- MIDAS can handle 3imultaneous in-
tion and real-time monitoring and puts of a very lai'.;e numLer of
control of play-ir perbonnel using players. So muchi fot tl. irntru-
devices ot siosors. Dati 3re re- mentation, but for Chose of you
corded In a form permitting rapid who have further in~er; st, the unit
analysis. Th:- system Is flexible is cieEcribed in detnil a BESRL
and ailovs the recording of muli- publication (H-yman, Sternberg, and
tiple dace. input of varying kinds. Banks, !P70). ( See Figu. -. 1.)
To date it 'has been used in con-

I'j

Figure 2. Phocograiph of Multtple Input Data Acquisition Syste? (MIDAS)
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The research is conducted at how can individual performance be
Hunter Liggett Military Reserva- improved? 2) How long can a sol-
tion, part of the Fort Ord complex. dier effectively use the devices?
Among the many terrain require- 3) How much time is required for
ments, it was necessary that the training? 4) How are capabili-
terrain be of considerable size and ties increased with Basis of
suitable for a wide variety of ex- Issue? 5) What are the effects
perlimentation. It had to be corm- of search area size on performance
plex in order to provide a realis- and on device de-lloyment?
tic search situation, and remote
enough to be secure from outside How Effective is the Man-Device
* 4r= cont:arination. The terrain Combination, and How Can Individual
selected permitted use of a search Performance be Improved?
area up to 750 wide and over 1500
meters deep. The land was flat to To begin with, in all the ex-
hilly, traversed by ravines aud. permertz, the devices were far
streams, with some large openl superior to the unaided eye. Per-
grassy areas and some areas heavi- Koruace was affected by a number
ly cluttered with trees, brush, of critical factors such as am-
and rocks. The test area was sur- bient light, distance, target mode,
rounded by m-'untains and the near- target type, and contrast. Table I
est small town was 30 miles away. gives the percent of targets de-
Skyglow and other light contamina- tected in a 750 search area and how
tion was therefore eliminated, one of the critical factors--am-

bient light--affects performance.
The players were told that they Notice that, with the exception of

were in a perimeter defense situa- the NOD, performance on all devices
tion and were instructed to search shows a relative improvement of
the terrain continuously. Upon about 100% when illumination in-
finding a target, they were to creases from starlight to full
shoot it (simulated, of course) moon.
and continue searching. Search
periods were of 30 minutes dura- Although the players detected
tion, followed by short administra- a substantial percentage of the
tive breaks. In general, the targets, it is obvious that they
players were required to be on the also missed a large percentage. In
devices for about six hours, order to improve the effectiveness

of this man-device system, it was
first necessary to determine why

SELECTED FINDINGS these targets were missed. Was it

This presentation deals with a because the targets were too dif-
ficult--that is, beyond the intrin-few selected findings which will!i aaiiis ftedvc? O~sic capabilities of the device? Or

te of interest to different users. was it because of some failure onMore compiete And detailed accountsare ive in ESR pulicaion by the part of the device operator?
areTo answer this question, a techn-
Sternberg, Farrell, and Banks (1),
Fnbque was needed for determining

(3n twhich targets were perceivableSternberg and Banks ( and Hymen, within the capabilities of theternnber , and Links (4). devices when the operator's parti-

sAre Related t Five cipation was at a minimum. Theu irn:i) Are R elated toive is technique devised was to lay theQuesti.,n: 1) How effective is device reticle on the center of
tht man-devie combination, and
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Table 1

PERCENT TARGET DETECTION
(Phase I Experiment)

DEVICE AMBIENT LIGHT LEVZL

STARLIGHT HALF MOON FULL MOON

ss 24 36 52

MINI 20 30 45

CSWS 19 29 36

NOD 42 4 65

each target, so that no search was From the seeability test, it
required, and then have the opera- was found that some targets under
tor report whether or not he could some illumination conditicns could
see the target. Appropriate con- not be seen with some devices--
trols were used to keep everybody that is, the requirement simply
honest, and the measure was taken exceeded the capabilities of the
at the end of the evening's ses- device. Table 2 showe the percent-
sion so that the search test data age of targets that could be seen
were not contaminated. Thus, the with the various devices. As
obtained scores from the target expected, there were copsiderable
seeability test provided a basis differences with the different
for determining what percentage of devices, as "well as under different
the targets each player could see ambient light c"nditions. With the
with his own device under the er- exception of the NOD, target see-
vironmental conditions for that ability was reduced dramatically
night. as the light level decceased.

Table 2

PERCENT OF TARGETS WHICH COULD BE SEEN
(Phase I Experiment)

DEVICE AMBIENT LIGHT LEVEL

STARLIGHT HALF MOON FULL MOON

SS 52 74 88
MINI 43 63 so

CSWS 56 82 87

NCO 83 82 91
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For example, for the SS, the percent device. Table 3 shows the search
of seeable targets went from " efficiency scores. Notice that, on
under full moon to 52% under star- the average, only 50% of the tar-
light, gets that were within the capabili-

ties of the device were actually
Having determined the percent- detected during search. In other

age of targets which were within words., the operator was failing to
the device capabilities, it was find one-half the targets which
now possible to compute a new were within the device capabilities.
detection score based on the number
of targets which were seeable, Once operator behavior was

rather than the number of targets identified as a major cause for
placed in the field- This new failure to detect targets, two
score, labeled the search effi- questions were raised: Specifi-
ciency index, was obtained by cally, what was the operator doing,
dividing the search detection score or not doing, which accounted for
by the seeability score. It de- this detection loss? How could
noted the percentage of visible his error be corrected? We started
targets detected during search, out by asking a simple-tdnded
Thus, the search efficiency score question: Was the player searching
provided a basis for describing the area where the target was lo-
operator performance. If the cated? To answer this question, we
player were performing perfectly, examined the operator's search
he would have been able to detect record to identify which targets he
all the targets he was able to see. had missed, and then determined
For example, if a player was able how many of these missed targets
to aee 52% of the targets and he were ever in the device field of
actually found 52% of the targets, view. The results are shown in
then he would have found all the Table 4.
targets available to him with his
device. On the other hand, if he Notice that a relatively large
found, let us say, 26% of the tar- percentage of the targets which
gets, he would have found only one- were missed were never in the de-
half the targets available with his vice field of view. In other

Table 3

SEARCH EFFICIENCY: PERCENT TARGETS FOUND OF TARGETS SEEABLE
(Phase I Experiment)

DEVICE AMBIENT LIGHT LEVEL

STARLIGHT HALF MOON FULL MOON

SS 46 49 50

MINI 47 48 56

CSWS 34 35 41

NOD 51 56 71
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words, those particular targets of the targets were missed because
could have been as big as a house they were not in the device field
with a light in the window and the of view for a sufficiently long
player still would have missed them period of time.
because he simpi', never looked at
that portion of ae terrain at the The results of these analyses
appropriate time. The evidence is clearly demonstrate that operator
quite clear. The players were not failure; which had previously been
searching the field comprehensively, identifled as a major problem, was
particularly under the low illumi- attribucable in large part to lack
nation condition, of comprehensive search and to

search which was too rapid.
In this experiment, the players

were to search in the manner in Once these deficiencies had
which the Army had instructed them- been pinpointed, the question was
that is, after a hasty search they whether anything could be done to
were to search the field with left correct them. To this end, three
to right, right to left sweeps un- new search techniques were tested
til the entire terrain was covered, in a subsequent experiment. While
An interesting note: In debrief- there was no diffsrence among the
ing sessions, the players indicated new techniques, each one was supe-
that they believed they had been ror to the technique previously
searching the entire area. used. The one commonality of the

three new techniques was that they

This finding led to the second produced comprehensive and timely
question: Were targets missed search behavior.
because the player was searching
too ravidlv the area in which the How Long Can a Soldier Effectively
target was located? Based upon hit Use the Device?
scores, the length of time a target
should be in the device field of One of the critical operational
view in order to make a detection problems with the devices is how
was established. The search records long a soldier can continuously use
provided means of determining how them before his performance de-
many of the missed targets were in grades. Two experiments provided
the device field of view for less data on this problem. In one ex-
than the specified time. The re- periment, players used the devices
sults showed that a large percent almost continuously for a six-hour

Table 4

PERCENT OF MISSED TARGETS WHICH WERE NEVER
IN THE DEVICE FIELD OF VIEW

(Phase I Experiment)

DEVICE AMBIENT LIGHT LEVEL

STARL!CHT HALF MOON FULL MOON

SS 25 20 10
MINI 2 22 18

CSWS 46 41 38
NOD 25 25 24
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period. It was found that for all
practical purposes, a soldier when

properly motivated performs as well

at the end as he did at the begin- 70

ning. Figure 2 shows the effects
of prolonged activity on perform- Z

ance under starlight illumination 0

during the first, mid, and last

part of the search test. Notice !0-
that level of performance did not
change appreciably throughout the
evening. Similar results were -40- ---- cNOD

found for all ambient light levels.

(See Figure 2.)

A second experiment was de- -. . .- S A LIGMT

signed to test more specifically 20-

the effect of continuous military CREW SRvEO

operations on the soldiers' effec-
tivenese using the devices. The
players were kept continuously ac-
tive with a variety of military o
tasks and tests for almost 48 hours z (2 T P,
straight, with no scheduled sleep.
After P full day's activity--
appro3:imately 14 hours--they were Figure 2. Effects of Prolonged
requir~d to use the devices for the Activity on the Percent of Targets

next six 17ours. They were then Detected (Starlight Conditions)

kept busy on military tasks for the
next 24 hours and again tested on
the night vision devices on the One additional note, and this

second night. There were two sig- to researchers in this area: The

nificant results: Performance on data on prolonged activity indicate

the second night showed no decre- that the researcher does not have

ment. The players had more stamina to worry about confounded data be-
than the experimenters, cause of using subjects for lengthy

periods of time.

A corollary question was

whether prolonged use of the de- How Much Time is Required for

vices resulted in illness. In both Training?
experiments, and other BESRL ex-
periments as well, only two out of The amount of t'me required for
approximately 750 subjects dropped training is only par' of the prob-
out because of illness. Both had lem. Of equal importance is how
severe headaches with some nausea, men are trained. Experimental
An examination of their devices subjects who claimed that they had
showed that each had an incorrect used the devices in Vietnam indi-
diopter setting--clear warning that cated that they had received no

if a soldier is to use a night training within CON-US and that they

vision device for an extended had received no formal training
* period, it is essential that he overseas. Their lack of knowledge

have the correct diopter adjust and misinformation about the de-
ment. vices was enormous. Typically,
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they did not know how to make the ditions resulted in a considerable
diopter adjustment or how to focus, relative percentage increase in
and frequently confused the two going from one to two devices and
operations. Some did not know how a lesser increase in going from
to change the battery or even the two to three devices, e.g., per-
location of the on-off switch. formance on the Starlight Scope

increased by 12/17,(or 70%) in
It was found that 90 minutes of going from one to two devices, and

individual instruction and practice by 9/29, (or 30%) in going from
is sufficient to bring the players two to three devices. In other
to a stable level of performance. words, performance will show the
In the experiment the training largest relative improvement in
period consisted of 15 minutes of going from one to two devices.
device familiarization, which Also, when performance for one
included how to focus and make the operator is at a fairly high level,
necessary diopter adjustments. A such as under the full-moon condi-
simple diopter adjustment proce- tion, the relative percentage in-
dure developed by BESRL proved to crease with additional devices is
be very rapid and highly reliable, appreciably less. Similar data
The next 15 minutes was spent in have been obtained for smaller
showing the players what targets search area sizes; and while the
looked like through the device, percentage increases are smaller,
The final 60 minutes were spent in they are still of sufficient prac-
giving the players practice in com- tical significance to encourage the
prehensively searching the area and use of a second device.
locating practice targets.

What are the Effects of Search Area
How are Capabilities Increased with Size on Performance and on Device
Basis of Issue? Deployment?

Operationally, Basis of Issue The search area obviously must
(BIO) means more personnel and more be tactically determined. However,
devices and this means more money. to the extent that the local com-
Thus, one of the prime considera- mander has some degrees of freedom,
tions is going to be whether the information on the effects of
result is worth the cost. The an- search area s~ze will be useful.
awer, on the bapis of present ex- An experiment was set up in which
perimentation, is yes--up to a the same players using the same
point. devices under the same environmen-

tal conditions were required to
In each experiment, multiple find the same targets using 250,

players used devices of the same 35', and 750 search areas. Two
kind; for exam-ile, on a particular questions were asked: 1) How
night, three players used the Star- much does performance increase as
light Scope. Thus, what percent- the search area size is decreased?
age of the targets were detected 2) When more than one device of a
by one, two, or three players in- kind is used, what is the best
dependently searching the same way to deploy the devices--should
area could be empirically deter- overlapping or non-overlapping
mined. Table 5 shows the BOI data search sectors be used? Part of
from one experiment using a 750 the results relating to the first
search area. Notice that an in- question are shown in Table 6.
creased BOI under starlight con-
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Table 5

PERCENT TARGET DETECTION WITH ONE, TWO, AND THREE DEVICE
OPERATORS SJLARCHING A 75- AREA

(Phase IT Experiment)

DEVICE AMBIENT LIGHT LEVEL

STARLIGHT FULL MOON

NUMBER OF DEVICES NUMBER OF D.VICES

ONE TWO THREE ONE TWO THREE

ss 17 29 38 58 77 85
CSWS 26 38 50 47 69 81

NOD 40 59 68 66 86 89

Table 6

EFFECT OF SEARCH AREA SIZE ON PERCENT TARGET DETECTION
(Phase II Experiment)

DEVICE SEARCH AMBIENT LIGHT LEVEL
AREA

STARLIGHT FULL MOON

750 7 58
SS 35' 25 69

250 3 64

75' 26 47
CSWS 350 34 67

250 40 66

750 40 66

NOD 35 54 69

250 56 69

Under starlight condition, 750 to 25 ° . On the other hand, un-
there was considerable increase in der full moon conditions there was
performance as the search area size generally a very small increase.
decreased; e.g., performance on the The operational implications are
Starlight Scope almost doubled when obvious: Under starlight condi-
the search area was reduced from tions, the search area size should
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Table 7

PERCENT TARGET DETECTION WITH THREE OPERATORS SEARCHING
A 75- AREA HAVING OVERLAPPING VS NON-OVERLAPPING SECTORS

(Phase II Experiment)

DEVICE AMBIENT LIGHT LEVEL

STARLIGHT FULL MOON

NON-OVERLAP OVERLAP NON-OVRLAP OVERLAP

ss 33 38 64 8

CSWS 40 50 66 81

NOD 56 68 1 69 89 '

be decreased, if tactically feas- pli.cations are that when more than

ible. If however, it is necessary one device is to be employed in a
to cover a larger area, then an search sector, it is better not to-
increased BOI should be considered. fractionate the area, but rather

to have all men search the same
When the tactical situation area.

dictates that a large search area
must be covered and two or three CONCLUSIONS
men with devices can be used) what
is the best way of deploying the The evidence is clear-cut: the
devices--should search areas com- night observation devices studied
pletely overlap or should the search are effective and will add to the
area be divided into subsectors? Army's combat capabilities, but
Table 7 shows the results when three their level of effectiveness is de-
men searched a 75° area. pendent upon how they are used.

Performance is affected by critical
for each device, under each factors such as ambient light, dis-

ambient light condition, perfor- tance, and target characteristics,
mance resulting from overlapping Device operators can be traiLied in
the search sectors was superior 90 minutes and can use the devices
to performance with the search area almost continuously for at least
divided into non-overlapping sec- six hours without degredation in
tors. This difference was parti- performance. Fffectiveness can be
cularly evident under the full- increased in a number of ways--by
moon condition. As a mtter of the use of improved search techni-
fact (although not shown in Table ques, by better work methods and
7), under full-moon, the perfor- procedur-_ It by deployment proce-
mance of only two men overlapping dures, at.L by increased Basis of
a 75° search area was superior to Issue. The military planner and
the total performance of three men, the users can choose the alterna-
splitting the area into three 25* tives which most efficiently meet
subsectors. The operational im- their needs.
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CHAPTER 7
HUMAN FACTORS IN THE DESIGN, DEVELOPMENT
AND TESTING OF COMMAND CONTROL SYSTEMS

Chairman: John Erickson
Human Engineering Laboratories

Aberdeen Proving Ground, Maryland 21005

7A. BRIEF HISTORY AND PREVIEW OF HUMAN
FACTORS ENGINEERING IN SAFEGUARD

COMMAND AND CONTROL

Arthur S. Kamlet
Bell Telephone Laboratories

Whippany. Now Jersey 07981

INTRODUCTION followed in SAFEGUARD. First of
all, the human factors engineer

The SAFh3UARD Anti-Ballistic \,is - ,hcu]d participate in the system
sile System is a large-scale, IM- aesign mid development from the
plex, military weapon system. It e&rliest possible moment. Second,
follows that the Command and Cortrol he 6hould coordinate his efforts
Subsystm, that is, the equipment, with those of other contractor ac-
procedures, and personnel responsi- tiv4ities, the weapon system projtct
ble for the operation of SAFEGUARD, manager, and the eventual uEer of
is a large-scale, complex soLfsyster. the system. And., finally, he must
And, of course, the job cf thehuman continuously follow and evaluate
factors enginee2in the design and the des'gn and development of the
evaluation of the Ccumnand and Con- systen, being constantly aware of
trol Subsystem. e-d its intefaces a-y system perturbations whether
with other subsystems, is large and large or small, which may have in-
complex. He must deal simultneotm- pact in the human factors area. A
ly with requirements for and details small perturbation in this ABM sys-
of information display, controls, tem might result from a requirement
cammunictions. construction and for an additional pushbutton on a
placemenz of opterating equipment, console. However, a much larger
software capabilities and responses, perturbation resulted wnen the
training and cf cnrse, no topic President announced the change in
can be discussed adequately these our national policy f'rom deployment
days without including man's envi- of the SENTINEL to the SAFEGUARD
ronment. It is my purpose, in this System.
c.alk, to discuss the human factors
effort which has been undertaken Early Participation
by the Weapon System Contractor in
the development of SAFEGUARD Camid To discuss the first guideline,
snd Contrl. early participation, it will help

to review same of the history and
GEMRAL GUIDELINFS FOR THE pnilosophy behind SAFEGUARD.

HUMAX FACTORS lGIn" E
Following our development of the

There are several unofficial guide- NIK.-AJAX and -HERUIES air defense
lines which have been and are being syste=r, we were asked by the Army
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to develop a ballistic missile de-- then, is the basic Ccrmmand and Con-
fense system. This began as.NIKE- trol Philosophy - man manages and
ZEUS and later was changed to the controls but, except for a small
NIKE-X System. This system has number of nonautomatic actions, he
undergone changes in specific.rios- does not operate the system.
sion which resulted in the SENTINEL
and now the SAFEGUMARD System,but the This difference between SAFEGUARD
basic iTKE-X pbilosopby concerning and other weapon systems is worth
man's role in Ccmand and Control mentioning. The design process in
reualn essentially unchanged. Man most systems, whether the system is
is regarded primarily as a manager a ifle, a tank, a helicopter, oran
and controller, and not as an oper- air defense system, begins by askild
ator of the system. This differs "What must the man be able to do
frcm the approach in the early a.r- with the system?" He must be able
defense systems in which man per- to fire the rifle, control the taik,
formed many operating functions such fly the helicopter, and operate the
as detection of targets, initiation air defense system. The system has
of target tracking, and selection of been built for man's use, and with-
targets to be engaged. out man in the loop the system can-

not operate. In SAFEGUARD and its
The specific division of functions predecessors, however, the design
between man and the machine stems process began by asking, "What can
from one of the first steps in the the system do?" and man was thus
design process, namely, to examine assigned to the higher role of pri-
the general functions required of maily managing and controlling 4ne
the system, and arrive at a specific automatic system.
and detailed list of tasks which the
system would hae to perform. Each You may ask why the decision was
task was ther. classified as to rade to automate all of those tic-
whether the task: tions which could be automated.

a) could be autmated; An intuitive though not completely
b) could not be automated with- correct answer would be that since

out unacceptable costs in the requirements for SAFGUARD
terms of system pe:.frmance, are quite cenplex and the response
development time, or dollars time must be -rery quick, man's
01' capabilitie Jannot possibly match

c) could not be automated at those of the automatic system.
all either because of state- Obvieously, there are many functions
of-the-art limitations, un- for '. c' t.nat statement is true,
expected system excursions, but :n rWan cases we feel that man
or legislated requirements could, quil'e Pdequate Ly. match or
set by the government. exueed the automatic sysem's r

sponses. Of course, this w ould
As it tunvd out, a ver, large num- tae a lot of' men. Men who have to
ber of tasks could be aut~miated, eaid be trained, and fed. Facii-ities
we made the decision that ar.y tash would be reauired for training,
that did not require man to be in feeding, housing, recreation, med-
the loop would be performed auto- ical care, as well as for offices
inatically. In many of tht!se tasks, and operating areas.
however, man is allowed to enter
t- he -ocp in order to seek addlitim.l Persoimel directly involved in
"c'mf .. on and/or overriua the oCr -n d and Control for the small-
autorma.tic system response. This est bAF-GUARD deployment number in
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the hundreds. This does not include "uman factors specialists in eachof
a much larger number of support per- these many organizations. But, eq-
sonnel. If we had asked, "What can ually clearly, the design of each
man do in the system?" and assigned ccmponent and subsystem must be
all of these tasks to man, many satisfactory and consistent from a
thousands of people would be re- human factors standpoint. In order
quired. Another reason, then, for to meet these requirements each
assigning most of the functions to design organization verifies that
the autm atic system is because the certain basic human factors prin-
system can do them so much more ciples are satisfied, and these
economically while freeing man for designs are then reviewed by a cen-
the more important function of mon- tral group of human factors evalua-
itoring and controlling SAFEGUARD. tion people. Some of the evaluation

techniques and facilities will be
But to say that man is a manager discussed shortly. Following this
and not an operator is not to say review reccmmendations, if any, are
that he has it made. Assuming that made to the appropriate design or-
our system functions perfectly, ganization.
it would strain our credulity to
believe that an attacking country The other major coordinationarrange-
would study our design threat ment is between our human factors
documents and automatic system spec- evaluation people and the Army
ifications and then build, fire, and organizations which are directly in-
target their missiles to conform volved in SAFEGUARD Command and
exactly, without any excursions, to Control. These include SAFEGUARD
our specifications. In order to System Office in Washington, SAFE-
meet such excursions, and to deal GUARD System Evaluation Agency at
withn other perturbations which occur White Sands, SAFEGUARD Central
in the system, man has been provid- Training Facility here at Fort Bliss,
ed with sophisticated display, com- SAFEGUARD Cammunications Agency at
munications, and control facilities Fort Huachuca, Army Air Defense Gm-
and thus has available a large num- mand (ARADCOM) at Colorado Springs,
ber of action )utin- wiL.h allow and -uman Engineering Laboratnries
him to query, intervene, and over- at Aberdeen Proving Grouna. i.t our
ride the automatic system. Through- location in Whippany, New Jersey, we
out the development of the system, have permanent representatives from
the job of the human factors engi- many of these agencies, and this
neer has been intimately involved naturally results in an excellent,
in the design of these displays, coordinated working arrangement, and
comnunications, and controls. speeds the flow of information to

all parties. Some examples of how
Coordination with Contractor and this arrangement has worked are
Gcvernment Personnel worth mentioning.

The second general guideline was The eventual user of the SAFEGUARD
coordination with contractor and System, ARADCOM, has organized a
government personnel. Contractor working group to discuss Man's Role
personnel, in this sense, includes in SAFEGUARD Command and Control, or
the large number of design and MARSCCO. These meetings are held
development groups of the weapon at appropriate Command and Control
system contractor as well as the milestones and familiarize the con-
various subcontractors. Clearly tractor and all interested agencies
it would be inefficient to include as to the system's progress,usually
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mo nths before this material would development iterations in order to
otherwise be available. The meet- match all of the establ&%d require-
ings also provide an ideal forum fbr ments. Where possible, dedicated
dJscLssion of questions, problem human factors tests were run with
areas, or anticipated changes in the the latest system equipment. For
design. exomple, an extensive human fact=

test and evaluation progran was ca-AFUDCOM.'s Ballistic Missile Defense ducted a few years ago at the oper- i

Test Unit at White Sands has two ational NIKE-X MAR-I site at White
off cers at Whippany working ex- Sands. As a result of the lessons

clusively with our Command and Con- learned frm this effort, many hu-
trol people in our human factors man factors changes have since ben
evaluation area. incorporated.

The human factors people at the
SAFEGUARD Evaluation Agency at Whit The last few years have seen many
Sands are constructing a facility significant changes in the system.
which is intended, in part, to sim- For example, the standard i!IKE-X
ulate the Comaand and Control Sub- console was a huge, massive piece
system. We have a somewhat similar of equipment. In order for the
facility, which will be described operator to set: around it, he had
later, and will be cooperating with to stand up or move a few. feet to
SAFSEA in sharing our results and in one side. The design of' the SAFE-

o ueesary duplicaton of UARD CRT console, released within
effort. this past year, reveals a low, com-
Continual T.umem Factors Evaluation pact, easy-to-manage, L-shaped con-

sole. The first few consoles have
The third general guideline mention- been received at our Whippany loca-
ed, that of staying on top of the tion, and are currently undergoing
system, encompasses the bulk of the design engineering testing prior to
continual human factors effort. In a large-scale human factors test

a talk such as this, rather than end evaluation program which ill
bore you with countless details, it encompass the entire Cornand and I"
is worthwhile to touch upon a few Con.trol Subsystem. In preparation
selected highlights of the SA" f Yr program, we are now com-
human factors test and evaluation pleting development work on the
program. SAFEGUARD Command and Control Test

Facility at Whippany. This faciliV
The early system work, which was consists of a UNIVAC 1219 computer1

hinted at previously, began with a
description of tasks which the sys-
tem would have to perform. This,
in turn, led to the formulation of
action options to be made available 1 The UTIVAC 1219 is an 18-bit, 32K
to man in his role as a system man- core memory general-purpose cor-
agc7 This was followed by detailed puter, and has four tape units and
task analyses and studies of person- a card processor for input-output
nel requirements, conducted in-house he programs reqire approximatey
and also by several government agan 11,000 instructions and eight man-

cies and subcontractors. The phys- 1ears raiong efot ana

ical plant, operator consoles, wall yes an o utput lis t will
analyses and output listings will

displays, and other coanand and con- use a line printer associated with
trol facilities were designed,mcr-k- a large, in-house computation
ed up, and run through several center.
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and equipment to interface the corn- Control Site (TSCS), ii also being
puter to on-line, operating SAFE- constructed. The iSCS will contain
GUARD consoles, wall displays, tele- most of the SA-GUARD Command and
typewriters, and other coaiand and Control ha-dware and will have data
control hardware which are also part processors thpt are functionally

of the facility. The computer yro- equivalent to the tactical SAFEGJARD
grams which are being written for aata processors. All of the majoI
the 1219 simulate, insofar as the software packages, incLuding missile
console operator can discern, the and radar packages which art far

highly sophisticated SAFEGUARD soft- more complex than coammand and con-
were. :Y, fact, the entire facility trol software, will be developed

--displays, controls, physical envi- here prior to being installed at
ronment, hardware, coamunications, the actual site. The human factors
procedures, and other elements--will, effort at the TSCS., wiZLch will not
insofar as possible, duplicate start until a year or more nfter
those at a deployed SAFEGUARD cite. testing on the Command and Control
What we have in this facility, there- Test Facility has begun, will be a
fore, is a real-time, on-line, dy- ra-re limited effort than that at
na. ic interactive simulation of the the te_' facility.
Alan-machine interface.

It might be worchvhile to ask, 'Iince
Following training, scenario genera- a data processor whicb is function-
tian aud other initi ation procedures al ly equivalent to the tactical one
one or more console operators will and an equipment complement approad'k
perfocrm several missions and tasks. ing the tactical complement exist

Actions and -responses of other SAFE- at the T9CS, why h.ive lie established
IJ' RD personnel and eqvipment will a test facility with sim lated soft
be simulated under scenario or test ware and a limited equipmewit corn-
-plan control, Test conductors will plement?" The answer is rather
observe the operators, and, as re- obvious, and probably applies toall
quired, play the roles of SAFEGUARD large-scale systems. It became
System personrel. In thic manner clear that changes in the design
the test effort is directed toward resulting from design inadequacies
the evaluation of the specific con- discovered in the human factors
sole operator positions. Worst- test program may be costly and time
case tests will be designed tv max- consuming, these costs and delays I
imally stress the operators, within being increasin:, functions of time
limits of realism. The consolc with steps in the function due to
operators, ctions and resronses. design freezes, delivery dates, and
as well as all sigmificant system other factors. However, if these
events, will be recorded by the cc,m- design flaws were left in the sydm
puter in real time for later maris, catastrophic failures could result.
The test subjects will initiallj be Thus, in order to minimize costs
Bell Labs technical personnel.. fol- and delays it is necessary to con-
lowed, after equipment and test pro- plete the bulk of our human factors
cedures have been verified, by test program at the earliest date

ARADCOCM personnel. possible. The Ccimandl Control Tt
Facility has been designed specifi-

In addition to the Command and Con- cally to meet tis requirement for

trol Test Facility, which serves early feedback in the command and

primarily as a human factors labora- control design evaluation program.

tory, a large-scale software develop-
ment facility, the Tactical Software
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CONCIDS ION

As the title of this paper suggests, tors, and all interested government
i've presenced some brief history apencies. Finally I have described
and philosophy of SAFEGUARD C omand the SAf\GUARD Command and Control
an'i Control. In SAEGUARD, as con- Test Facility which we have estab-
trasted with other weapon systems, lished prinzcipally for human factors
man is regarded prima.ilyf as a man- test and ev&Iuation. This facility
ager and controller and not as an vdll allow for inclusion of necessary
operator of the system. The reason design modificaticns at a date when
for this is to conserve manpower they would be relatively less dif-
and associated expenses as well as ficult to incorporate than if they
because of ±i.itations in zian's were discovered at a later point
ability to operate the system. T in tha prcgram.
nave also presented a review of the
continuing human factors test and Wyile this paper has specificallyde-
evaluation effort, and would again seribed SA57,GUARD Command and CaitiC
like to stress the importence o' and many of the points which have been
the benefits from mutal coopera-.xn discussed are relevant for most
between the contractor, subcontrac-- lazge scale man-machine systems.
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7B. HUMAN FACTORS TESTING OF
UNATTENDED GROUND SENSORS

Gerald P Krueger, Captain, and Edgar M. Johnbon
Human Engineering Laboratories

Aberdeen Proving Ground, Maryland 21005

The Human Engineering UNATTENDED GROUND
Laboratories (HEL) have been providing SEMOR SYSTEMS I
consultant support to several programs
set up to field test unattended ground UGS form one of the families
sensors (UGS). Our involvement in of surveillance and target acquisition
those programs provides the basis for devices now available to the military.
this paper. As an extension of the soldier's

senses UGS may detect voices,
UGS represent a new class of footfalls, movement, or metallic Ii

items in the militar, inventory. As objects, Sensors are usually
such, the parameters of human integrated into a total battlefield
performance relevant to UGS have been surveillance and target acquisition
ill defined. What tasks are required of plan where they supplement and
the soldier, how well is he required to complement other sources of
perform these tasks, and how well can battlefield information.
he pei-form these tasks? ".is question
summarizes tre support -IEL has been
asked to provide thlaz gh reviewing the
literature and recommending test A simplified illustration of an
designs. This paper presents an UGS system is depicted in Figure 1.
overview of our current "answer. The three basic components of this
First, an overview of UGS systems is system are the sensor, the monitor,
given. A systematic outline of human and the command element. This UGS
factors involved in UGS is provided, system model allows us to point out
Finally, the type of testing ongoing and where human factors have the greatest
relevant literature is described, impact on the system.
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SENSOR. The sensor element in targets from continuous false

Figure 1 is an unattended environ- activations (noise). In filtering, the

mental energy transducer. When monitor performs a three level

stimulated by a change in an energy perceptual classification task:
dimension it notifies a remote detecting activity in the environment,

monitor site by radio link that a recognizing or discriminating the

change in the environment has source as man or vehicle, and

occurred. Several families of UGS identifying the source of activity as

have been developed, each designed friendly or enemy. Through knowledge

to perform a specific detection of the se:tsor deployment scheme and

function. These include acoustic, by analyzing sequential activations of

seismic, magnetic and infra-red sensors in a string, the monitor also

sensing devices. Figure 2 shows a attempts to determine direction and

typical sensor and its accessories, rates of enemy travel. The ability of
the soldier monitor to perform these

The choice and mix of sensors tasks is the key element in the entire

to be planted in the monitored UGS system.

environment depends on many factors
including the terrain, composition of COMMAND ELEMENT

soil, vegetation, emplacement
accuracy required and the overall The monitor of a sensor receiver

tactical situation. Sensors may be unit is normally collocated or in direct

hand emplaced by ground troops; or, communications with the intelligence

in areas which preclude hand emplace- or operations center. At the monitor

ment because of the terrain or the site the incoming UGS information is

tactical situation, they may be interpreted and passed on to the

delivered by air, artillery or command element for decision. The
mortar fire. command element then further

processes the sensor derived

MONITOR. The monitor site iniormation (enemy activity or lack of

receives information from one or it) in conjunction with current friendly

more UxS. While some acoustic act-vities and other collateral

sensors provide the monitor an actual intelligence. The processed

listening capability through the use of information received can then be used

headsets, information from most for immediate targeting or stored for

other UGS is received in digital longer range intelligence collection.

readout form and indicates only that Target acquisitions gained from UGS

the detection logic of the sensor was are normally short lived and, so, are

somehow satisfied. The incoming usually followed by the delivery of

data is analyzed on a real time basis. timely and effective firepower upon

The monitor knows the type of sensor the area in which the threat is

being activated (seismic, magnetic, detected. This firepower may come

infra-red, etc. ) and its approximate in the form of artillery or mortar

location within the environment, barrages, air strikes, ground

From the pattern of incoming signals assaults or detonation of pre-

the soldier monitor filters out true positioned land mines.
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useful information on how to design an
HUMAN FACTORS IN item so that it is portable. The

UGS SYSTEMS literature also provides little guidance
on how to evaluate or test the

The UGS system concept shown portability of an item. For example,
in Figure 1 contains some deceivingly there are many references to
simple human factors parameters. physiological measures which were
Table I outlines some of the tasks taken while a man ports an item.
which man must perform in a hand However, these are usually interpreted
emplaced UGS system. Most of these to indicate how hard a man is working
tasks are also common to systems but do not really tell how "portable"
which are to be emplaced by aircraft the item is I
or by artillery/mortar fire. The
outline contains two basic divisions: CAMOUFLAGE
deployment schema and surveillance
information analysis. In analyzing A second example which
the important human factors illustrates these points is the task of
parameters for each of these tasks, camouflaging an UGS. The literature
two facts become readily apparent: discusses many visual perceptual

variables (size, shape, color contrast,
1. Each of these apparently pattern of search, etc. ) which play a

simple military tasks really involves part in the camouflage of small items.
quite complex human performance, However, just knowing the variables

involved provides little guidance on

2. The literature provides how to design an item so it can be
little useful information on previous easily camouflaged. For each newly
tests of these man-machine functions, developed item it seems the designer

still must go through the same kind of
PORTABILITY camouflage analysis that the humaui

factors tester does.
"Io exemplify the first of these

points, Table 2 lists the separate To empirically test the A

tasks involved in porting an item in a "camouflagability" of an item is a
tactical environment. The "simple" very complex task. It is usually
task of poiting an UGS dictates many accomplished by having a man
important implications for the design camouflage an item(s) and then having
of that sensor. The individual soldier other men try to locate them. This i
carries the sensor in addition to his sounds straightforward enough.
rifle and the standard complement of Typical measures of performance
combat clothing and equipment (steel recorded are the time it takes to find
helmet, canteen, first aid, ammuni- items and the number of items which 4
tion, etc.) and while negotiating were missed in an area. However, it
terrain obstacles and performing is known that search strategies vary
combat functions, according to the risk involved in not

locating an item fast enough or not

The surprising fact is that the at all. Further, upon completion of
literature contains relatively little such a test one quickly notes that
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TABLE I

HUMAN FACTORS TASK OUTLINE FOR
ANALYSIS OF UGS SYSTEMS

Deployment Schema

1. Training/Documentation

2. Assembly and Checkout of UGS

3. Operability

4. Portability/Transportability

5. Land Navigation

6. Emplacement and Recovery

7. Camouflage

Surveillance Information Analysis

1. Acquisition (Monitor)

2. Command and Control
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TABLE 2

TASKS INVOLVED IN PORTING

1. Preparing an item for carrying (disassembling,
placing in carrying case, etc.)

2. Loading item on body (in addition to the normal
complement of equipment).

3. Porting the item in tactical patrol posture.

4. Negotiating terrain obstacles while porting
the item,

5. Performing combat functions while porting, e.g.,
firing rifle, running, fording streams, etc.

6. Removing of the item from the body.

7. Preparing the ltem for use at destination.
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some people are more proficient at not required, only answers to specific
camouflaging than others. It is questions.
tempting to task the question, "Am I
really testing the camouflagability of To provide "answers, "the system
the item, or the ability of one man to concept and task outlines described in
hide something?" The best output of the previous section were identified
such tests is probably to specify to the for the testers. Although admittedly
equipment designer which features of simple, the development of this
his item are most difficult for soldiers "system-as" viewpoint was a necessity
to camouflage in a particular environ- for establishing a framework for the
me.t In the absence of normative human factors portion of the testing.
data on camouflage, test results No a priori criteria against which to
provide only indications of camouflage test were available. These criteria
quality. had to be derived from an analysis of

the expected system performance
SURVEILLANCE requirements.

INFORMATION ANALYSIS

Table 3 lists some o. the basic TEST METHODOLOGY AND
tasks which are involved in the DATA COLLECTION. Since the
monitoring and command and control requirement was for very fast reaction
functions of an UGS system. Some of user evaluation testing, the use of
these tasks also involve complex instrumentation was deemphasized in
human performance. As might be the test programs. Human observers
expected, because of the newness of became the primary source of data in
UGS, there is little relevant field observation settings. This was a
literature which indicates how well fortuitous occurrence because the
an operator/monitor can process concern was not just with measuring
information from multiple sensor performance on a task, but with
readouts or similar types of multiple making judgments of the adequacy of
input, the task performance. All of the data

collectors are personnel with SEA
HUMAN FACTORS experience. They provide several
TESTING OF UGS advantages over "instrumented" data

collection. Some of the more
The testing of LGS has been important characteristics of the human

accomplished at a very fast pace and observer as data collector in this style
has been concerned mainly with of testing are:
questions of immediate and practical
importance: "Is the UGS portable?" 1, Humans are easily
'Is it easily camc.flaged?", etc. Thus, reprogrammable for roles in different
the human factors concern has been tests and can take advantage of
whether "the gadget will permit the contingencies.
using soldier to function with
reasonable accuracy, safety and 2. Using standardized data
comfort in the item's intended collection forms, human observers
environment, " Elegance of testing was can quickly produce '.nterpreted"data.
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TABLE 3

US INFORMATION, ACQUISITION AND PROCESSING
TASK oUr LINE

Documentation

a. Identify Sensor strings deployed

b. Pinpoint sensor locations, by type, on a map

c. Record the time it takes to traverse the terrain between sensors

d. Distribute the documentation as required

2. Acquisition |

a. Monitor UGS readouts

b. Record sensor activations j

3. Processing

a. Interpr.-t sensor activations

Hb. Correlate target information with other sources

c. Determine significance of tArget threat

4. Decision

a. Decide on action to be taken

(1) Store Data

(2) Call upon firepower

b. Notification of fire direction center or maneuver elements to act
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TABLE 4

SURVEILLANCE INFORMATION ANALYSIS

I. Monitorirg/Information Processing

a. What information must the operator receive or is
the system designed for him to receive?

b. What transformations of the information must the
operator make?

c. What informational output must (can) the operator

make?

2. Command and Control

a. How does sensnr derived intelligence correlate with
information from other sources?

b. What response mechanisms are available?

c. What decisions must be made?
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3. Observers can monitor interferes with the performance of
several channels of information which specific tasks are included in test
machines do not measure easily, reports.

4. Observers can SURVEILLANCE INFORMATION
selectively filter relevant data from ANALYSIS. Although the testing
noise, program has been predominantly

oriented toward the evaluation of
SAMPLE TESTS. Several static individual sensor items, stress has

and dynamic human factors tests have been given to the importance of
been introduced into the programs. "system evaluations," Table 4 lists
To test the design of UGS for ease of some of the basic questions which are

Assembly/Checkout and Operability, currently being addressed in the
established human engineering evaluation of the hub of operations --

standards and guides (i.e., MIL-STD- the command and control center.
1472, HEL-S-7 and HEDGE) were
consulted and comprehensive check- Two major tasks have been
lists were formulated. Test personnel identified. We must first evaluate
used these checklists to systematically how well an operator/monitor can
evaluate each newly developed UGS in process information irom multiple
a static checkout session. Deficiencies sensor readouts. Without reliable
were identified and recommendations monitor processing, the sensor
for design improvements were fed back system cannot function. We must also
to the developing agencies. evaluate alternative means of inte-

grating the sensor derived information I
One example of a dynamic test into the overall battlefield surveillance

which was established is a portability system. The crux of this matter is of
test. A cc ,rse of varying terrain course, how well does the commander
conditions and obstacles is set up and use the sensor data?
test subjects are required to perform
all the tasks listed in Table 2 while SUMMARY
negotiating the course. A single data
collector, an experienced infantry NC", In summary, this paper has
is equipped with standardized data attempted to point out the human
collection forms and checklists and factors involved in unattended ground
required to systematically assess sensor systems. The apparently
whether the configuration of the ported simple military tasks involved
item interferes with the subject's actually include "complex" human
performance of the tasks while behavior about which there is little
negotiating the course. The emphasis previous design information or test
is on an experienced judgmental guidance. The human factors task
critique of the item's "portability." analytic effort required to support an
The test subjects are debriefed after UGS field testing program was
the run. The data is summarized into portrayed by a discussion of testing
simple descriptive statistics. support provided.
Narrative descriptions of how an item
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7C. HUMAN FACTORS ENGINEERING FOR TACFIRE
Alfred E Hertzka

Litton Systems, Inc.
Van Nuys, California 91409

INTRODUCTION about the personnel/equipment data (PED) file and
engineering change documentation.

This paper provides an overview of the con-
tractor's human factors engineering effort during the DESCRIPTION OF TACFIRE
development of the Army's TACFIRE command
and-control system. A brief description of the system TACFIRE is a computer-based command-and-
is included and the history of the TACFIRE technical control system for the Field Artillery. Digital corn-
development phase is summarized. System analysis puters are situated at Division Artillery and Battalion
and design efforts are discussed with emphasis on the Fire Direction Centers. The computers are controlled
contribution of human tactors engineering personnel, from Artillery Control Consoles, which are CRT
Equipment and facilities design contributions are typewriters containing two CRTs -one to display
specified, an outline of the Training Aids and Devices received messages and one to edit or compose
Study is provided, and human factors engineering messages to be sent. In addition to the Artillery
participation in system test and evaluation and to Control Console, the Fire Direction Centers are
safety is described. The paper concludes with remarks equipped with Electronic Line Printers and Digital

II.P n- Po

OW-IT
Figure 1. DivArty FDC Display Shelter
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Figure 4. TACFIRE Displays

Figure 5. Fixed Format Message Entry Device
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Plotter Maps. At Division Artillery, a situation display o Artillery Target Intelligence
referred to as the Electronic Tactical Display, is also o Non-Nuclear Fire Planning
available. The computer is provided with a 32K word o Meteorological Data Distribution
core memory, a 400K word drum memory (200K o Artillery Survey
words at Battalion) and a 600K word tape memory
(300K words at Battalion). Digital Data Terminals are The above five functions are supported by two data
the links between the computer and the communica- base programs:
tion (radio or wire) nets. The TACFIRE FDCs are
shown in Figures 1, 2. and 3. o Ammunition and Fire Unit Data

o Geometry and Display Data
The Variable Format Message Entry Device is a

remote input/output device which consists of a The two data base programs also support the
Digital Data Terminal, Electronic Line Printer and following Fire Support Element functions, which will
Keyboard, and one CRT (used for both receiving and eventually be part of TOS with backup functions
composing messages) as used in the Artillery Control retained in TACFIRE:
Console. This assembly, which can be jeep-mounted,
initially will be supplied to the Fire Support Element o Preliminary Target Analysis
and the Honest John Rocket Batteries. The Fixed o Chemical Target Analysis
Format Message Entry Device (FFMED) is a battery- o Nuclear Target Analysis
operated hand-held switch panel remote input-only o Nuclear Fire Planning
device supplied to ground and airborne forward o Far redPctin
observers. Firing batteries will be supplied with a

remote output-only device, called the Battery Display
Unit, consisting of a Digital Data Terminal and an The programs listed above are controlled by three
Electronic Line Printer. The TACFIRE display major programs:
devices are shown in Figure 4 and an FFMED is
shown in Figure 5. TACFIRE employs existing Army o Battalion major program
wire and radio communications for digital data o DivArty major program
transmission, as well as GFE air conditioners, o FSE major program
generators, shelters, and vehicles.

Both DivArty and FSE major programs operate in
Computer programs furnished with the TACFIRE the DivArty computer. The major programs, in turn,

system support the mission of Division Artillery as

well as the mission of the Fire Support Element, are controlled by the Operating System which

which will be a part of the Army's Tactical operates in both DivArty and Battalion Computers.
Operations System (TOS). (See Figure 6.) The
following are the Division Artillery functions: The DivArty/Bn Operating System controls two

special-purpose programs in addition to the programs
o Fire Missions previously mentioned:
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Figure 6. TACFIRE Computer Program Organization
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o Maintenance and Diagnostics Plan was the first CDRL item that was submitted by
o System Exerciser and Training Evaluator human factors engineering, and grouped our effort

into three domains:
The hardware/software system described above is an
outline of the Engineering Test/Service Test configu- o System Analysis
ration of the system; a somewhat abbreviated system o Equipment and Facilities Design
configuration, called the Training Support System will o Test and Evaluation
also be delivered. Another system configuration,
called the Programming Support System, which SYSTEM ANALYSIS
contains additional hardware and software, will also
be delivered. It is anticipated that some functional The Human Factors Plan included the compilation
changes will be required as a result of the test of the Task and Skill Analysis (TASA) and New
program. Equipment Training Requirements Study under this

heading. The CDRL items for which human factors
HISTORY OF TECHNICAL DEVELOPMENT personnel were responsible, when work on the devel.

opnent contract started, is shown in Tabie 1.

TACFIRE was developed within the framework of

the overall Army ADP development project, Auto- T TACFIRE Human Factors Engineering
matic Data Systems within the Army in the Field CDRL Items
(ADSAF). This overall project, initially known as the
Tactical Automatic Data Processing Systems (ADPS) r ,
project, and later as the Command Control Informa- Title

tion Systems (CCIS-70) project, started in 1956. A
research and development project was formally GG34 Hurman Factors nd Safety Research and

established in 1957, and technical development was Development Acceptance Test
assigned to the Signal Corps which, in turn, assigned L051 System Safety Engineering Plen
design and test responsibility to the U.S. Army
Electronic Proving Ground (USAEPG) at Fort M052 Task and Skill Analysis (TASA) and Now
Huachuca, Arizona. In 1958, USAEPG contracted Tquipmnt TrainingRequirerntS aStud
with what was then the Ramo-Wooldridge Corpora-
tion to provide technical assistance. In 1959, a M063 Training Aids and Devices Study (TAOS)
time-phased implementation plan for Army ADP was
proposed, and formally approved in 1960. That plan N093 Human Factors Plan

provided for the development of TACFIRE plans
through cooperation between the U.S. Army Field
Artillery School (USAFAS) and USAEPG. Human Factors was assigned to System Engineer-

ing in the TACFIRE Program Office. Accordingly,
Subsequently, the development of TACFIRE the TASA effort was used as a primary vehicle for

hardware and software plans was continued until the system analysis and design, as illustrated in Figure 7.
Army was ready, in 1966, to select a contractor for
the production of tl, system. It can be seen that we started the TASA effort

with a great many things already decided by the
When Litton Systems started the TACFIRE Government during its work with Bunker-Ramo, and

proposal, the results of approximately five years of by its acceptance of the hardware and software
work on hardware and software design concepts, as designs in our proposal. Although the framework
developed by the Army and its industry supporters - existed, all the detail design still had to be developed.
primarily Bunker-Ramo, were available.

Much of this detail design was accomplished using
Human factors engineering participated in the the TASA compilation as a design tool. The frame-

contract definition phase by contributing switch work consisted of the proposed hardware and
catalogs and some computer program specifications. software specifications, and the Government's
In addition, a sample Task and Skill Analysis (TASA) Technical Data Package. In addition, the Government
was prepared, as well as proposed manning charts, had furnished mission flow diagrams and response
position descriptions, and training requirements. times to our System Effectiveness group. It 'as
Some material on training aids was also written as required, then, to design the tasks in such a way that
well as a proposed Human Factors Plan. they followed the Government flow charts, using the

proposed hardware and software, and meeting or
When the Total Procurement Package contract was improving upon the required response times. This

awarded in 1967, a revision of the Human Factors meant that the TASA compilers were actually system
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Figure 7. Human Factors Engineering and System Design

designers who worked with hardware and software reviewed, modified, and standardized. Requirements
designers, as well as system effectiveness engineering were developed for the Artillery Control Console
to meet the requirements and the proposed specifica- Support Program, as well as other functions of the
tions. In addition to this internal coordination, we Operating System such as initialization and message
also worked very closely with local Government processing. The baseline for degraded mode opera-
representatives, the TACFIRE Development Group. tion, which is primarily a software function, was

developed as a by-product of the TASA.
Out of this effort, which consumed approximately

three times as much manpower as human engineering Another aspect was consideration of the distribu-
on equipment and facilities design and test and tion of work among the crew of four which is the
evaluation put together, came not only the TASA physical limit of the equipped shelter. At Battalion,
document, but the following items. virtually the entire load must be carried by the Fire

Direction Officer and the Console Operator, with
New switch catalogs were developed for the some assistance from the Map and Radio/Telephone

Artillery Control Console and the Electronic Tactical Operators. At DivArty, four men are available to
Display, and new features were provided for the carry the load in the Display Shelter: the Fire
Keyboard and the Display Editor. In the case of the Direction Officer, the Console Operator, an Intelli-
Artillery Control Console, the aim was simplification gence Officer or NCO and the Map Op ator. These
by reduction of the number of switches; for the considerations, in turn, influenced man/machine
Electronic Tactical Display, the aim was greater interface design and equipment arrangement in the
flexibility for the operator. In both cases, the shelter, as described in the following paragraphs.
improvements were implemented via software
changes. For the Keyboard and the Display Editor, In addition to task and skill analyses of the
hardware changes were proposed and implemented to operator and maintenance functions, the TASA
improve operability, contained a system description vlume and a Per-

sonnel and Training volume. The latter volume
In the domain of programming, the content and contained personnel information that was derived

format of over 300 TACFIRE messages were from work on the TASA volumes proper: position
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descriptions, manning and MOS tables, and training layout study and succeeding studies were performed
requirements. In addition, the last volume contained with full-scale shelter and equipment mockups. For
an organization and manning plan for a TACFIRE the setup/teardown study a shelter mounted on an
programming facility. Army two and one-half ton truck was used as well as

weighted mockups and cables.
EQUIPMENT AND FACIUTIES DESIGN

Aftei completion of the layout study, a shelter
A human factors engineering design specifications lighting study was conducted to determine the type

document was published internally. The document and location of ceiling fixtures as well as supplemen.
was based on the appropriate Government speci- tary plotter map illumination. In addition, the
fications (MIISTD-803A-l, HEL-STD-S-3-65, HEL- lighting study produced specifications for a lamp
STD-S-4-65, SCL-1280D and SCL-1787B) and required for out-of-shelter control console illumina-
covered visual and auditory displays, controls, tion and for the illuminated pushbuttons for control
labeling, workspace design, maintainability and panels mentioned previously. The study was
hazards and safety. The development of all hardware conducted by fabricating and installing several types
end items was monitored for conformance with the of fixtures and measuring control panel and display
specifications. Human factors personnel attended all illumination. An informal report on the procedures
design review meetings, using a checklist developed and results of the study was published internally. To
for this purpose, and were also represented on the expedite setup and teardown operations a cabling
Engineering Configuration Control Board. Most of study was undertaken to determine methods of cable
the equipment panels were laid out by human factors routing, bundling, identification and connector
engineering, and the remainder of the layout received keying. This study was also published internally and
detailed human engineering review before engineering resulted in specifications for cable and connector
release. Special efforts were devoted to the following placement and keying.
areas:

Following the cable study, a handling study was
o Illuminated pushbuttons performed using weighted equipment mockups and a
o Audible alarm wooden rack structure within the shelter mockups,
o Electronic line Printer characters complete with dummy cables and connectors. This
o Digital Plotter Map characters study determined the optimum procedure for
o Shelter layout and lighting emptying shelters and of setting up the equipment
o Operator chair configuration out-of-shelter in such a manner that it would be
o Equipment cabling cabled and operational within 30 minutes (60
o Setup/Teardown procedures minutes for DivArty) after the power to the equip-
o Mockup design and fabrication ment was turned off prior to teardown. The truck.

mounted shelter was also used in this study.
Several options were available for character forma-

tion on the line printer and the plotter map. Human Last, but not least, human factors engineering was
factors engineering selected what appeared to be the responsible for development and maintenance of
most legible choices and assisted in the preparation of mockups. This was a major effort since the mockups
the appropriate specifications. In the case of the were in constant demand for design reviews and for
audible alarm, specifications could not be met with exhibit to Government visitors. It should also be
existing components Human factors engineering mentioned that human factors engineering was
selected the best available alarm and prepared justifi- responsible for design of the operator chair.
cations for the specification waiver.

TRAINING AIDS AND DEVICES STUDY (TADS)
Four special studies were performed by human

factors engineering in the domain of equipment and It was the purpose of the TADS to determine
facilities design. The first was a layout study (con- whether training could best be conducted using
ducted in conjunction with the on-site mlitary trainers, operational equipment, or modified opera.
personnel), which determined the optimdm equip- tional equipment. The study concluded that in-
ment arrangement in the shelter in terms of work dividual operator training could best be conducted
space, work flow, weight distribution, heat dissipa. with operational equipment in an out-of-shelter
tion, maintenance access and setup/teardown require- arrangement in a classroom. It was shown that by
ments. The work flow analysis influenced the supplementing the equipment with additional simpli-
positioning of the Console Operator, the Fire fled contro consoles and with additional computer
Direction Officer, and the Radio/Telephone Operator programs, the TACFIRE computer could be used for
(in the Battalion shelter) as well as the configuration computer-assisted (programmed) instruction (see
of the control console and the line printer. The Figures 8 and 9).
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In the case of maintenance training, it was TEST AND EVALUATION
proposed that with the aid of a fault insertion console
and minor modifications of operational equipment, it In this area, human factors engineering prepared
would be possible to insert and remove faults via the Human Factors and Safety Research and Develop-
remote control. The study showed that appropriate ment Acceptance Test Plan, which was a deliverable
versions of this training setup could be used to CDRL item. This plan covered the following topics:
provide:

o Personnel Safety and Physical Constraints
o Subsystem and degraded mode training to o Legibiity and llumination

operators o Working Space and Chair Static Load
o Organizational maintenance trairing to organi- o Noise and Mobility

zational maintenance personnel
o GS maintenance training support to maintenance Step-by-step procedures were developed for

personnel inspections, demonstrations, and tests. A checklist

The TADS also described the use of the tactical was devised by listing the applicable and binding

in-shelter equipment configuration for system train- paragraphs from MIL-STD-803A-1 and MIL-STD-
ing, and discussed static mockups and part-task 454A. This checklist was used with each Contract
trainers. Familiarization aids, including training films, End Item (CEI), thus ensuring the maintenance of
were also described. uniform panel design and layout. In addition to

conforming to the checklist, some end item specifica-
An extensive appendix provided design data on the tions contained unique specifications for legibility,

hardware and software implementation of the Class- brightness, contrast, temperature or noise; special
room Operator Trainer and its Programming Support tests were prepared for these device.
Facility, and a discussion of fault insertion techniques
for the Classroom Operator/Maintenance Trainer. The
method proposed was remote insertion of faults via t u o intrm in the h an ctrs
binary signals to circuit card pins within CEIs. This Laboratory to determine the brightne and contrast
method obviates the need for insertion of faulty ratio of panel controls and indicators and cathode ray
circuit cards, which wears out card connectors and is displays is illustrated in Figure 11. With the use of
difficult to control. A schematic of the remote fault this equipment, optimum designs for legibility and
insertion method is shown in Figure 10. visibility were determined for each display device.

¢t
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Figure 10. Remote Fault Insertion for Training
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Figure II. Brightness and Contrast Ratio Light Measuring Equipment

SAFETY RECORD KEEPING AND ENGINEERING
CHANGES

A Safety Plan for TACFIRE was submitted as a

separate CDR1, document. MIL-TD-454A provided A Personnel-Equirnent Data file was maintained
mayra te sR t, do afmety requirements c rvid from the start of the program and every effort was
many of the system safety requirements concerning made to make it complete. As a result, there is a

acess to high-voltage, interlocks, and high tempera- comprehensive body of memoranda, letters, sketches,
ture. MIL-STD-803A-l,paragraph 13, provided design drawings, and engineering change requests on file
guidance for most other areas of personnel safety. In showing the scope of the human factors effort on
addition, human factors engineering was responsible TACFIRE.
for equipment safety and other items such as ade-
quate circuit breakers and electrical ground paths. Inardware and software engineering change requests
Lightning protection was made a system requirement wre atd bofhuan engineering per-were generated by human factors engineering per-!
and ensured by the test plan. The use of safety decals sonnel. In the case of software changes, human
to warn niatcnancc personnel of the presence of factors personnel not only generated the requests,
unsafe temperature and high voltage on a typical but, after approval, prepared the change proposals to
internally-mounted power supply is illustrated in the Government, and the change orders or specifica-
Figure 12. tion changes.
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Figure 12. Typical TACFIRE Safety Decals
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7D. THE EFFECTS OF TANK DESIGN
ON COMMAND AND CONTROL

Andrew J. Eckles, III
Human Engineering Laboratories

Aberdeen Proving Ground, Maryland 21005

In our efforts to take a sys- roles as though this man-machine
tems approach to the human factors system were in fact only a single

engineerings of combat vehicles, we organism.
have become more and more Impressed
at how certain aspects of tank To be more explicit, the tank

design which affect command and is a system which is defined as

control often have far more effect providing mobile protected fire-

on tank combat performance than do power on-the battlefield. In order

design changes which affect the to fulfill this role, it must, of

more acceptable criteria of hit course, have some degree of armor

probabilities, rates of fire, etc. protection which is afforded by the

As a result of these perhaps some- skin within which the other compo-
what accidental impressions, I nents of the system must exist and

would like to discuss some of those function. In order to move, this

tank design factors which affect system must have a power train and

command and control. But even more a driver (and notice that I said to

importantly, I will plea that we move and n6t to possess the charac-

study more intensively the effects teristic of mobility). In order to

which command and control have upon shoot, it must have a weapon, a

tank effectiveness, and in future gunner, and a loader--either man or

tank design consider these effects mechanical (and again notice I said

of command and control to the to shoot and not to possess the

degree we consider ballistics, characteristic of firepower).

engine horsepower, or armor protec- These are the necessary, but not

tion. sufficient, characteristics re-
quired of a tank system. To be a

In effect, a tan., system repre- truly effective weapon in combat,

sents an excellet microcosm for the tank system must be responsive

the study of command and control. to the commander. And it is in

For here we have a relatively this aspect that vehicle design has

closed system, consisting of a com- such a critical effect on command
plex machine and a crew of several and control.
people who must, essentially, per-
form their apparently independent

218



Let us first look at the char- driver has placed the tank in an
acteristic of mobility. For a long optimum firing position to expose
while, mobility was defined in the minimum target to the enemy.
terms of such factors as road speed, Therefore, he is looking directly
performance on slopes, trench cross- into a wall of earth in front of
ing ability, etc. Thus, mobility him and there is little coewnunica-
characteristics were dependent tion (other than verbal) between
solely upon the combined perform- him and the commander. The target
ance capabilities of the driver and is destroyed, and the commander
the mechanical characteristics of says "move out." The driver backs
the tank. More recently, we have out of position, tries to orient
attempted to define mobility as himself and find the next position
1movement of the tank in response he is to move to as well as select
to the will of the tank commander." the best route to reach that posi-
Thus, mobility becomes dependent tion. The comnmander, who should be
upon the degree of "communication" attending to other important prob-
between conmnander and driver as lems, mist provide considerable
well as the more usually accepted assistance to the driver in order
engineering characteristics, for the tank to have mobility--

that is, move as he wishes.
In several studies which have

been conducted by the Human Engi- Now look at the driver in the
neering Laboratories ("Human turret position. He exposes the
factors evaluation of tank driving same minimum target area, but he
from a turret position" and "An is up in the turret where he has
interim field comparison of the the same view as the conmander;
MBT-70 and M60AIE2 tanks") on tank thus, when he receives the same
mobility, we have begun to measure verbal communication as the driver
this mobility in terms of the move- in the hull, he also receives
ment of the vehicle in response to additional information. He can
the will of the tank commander, and see the second ridge line and the
examine the effect which certain big oak tree. He immediately
design characteristics can have begins his route selection and
upon mobility as thus defined. One when the order to move out is
good example of this can be shown given, he can, using the mechan-
by the effects of moving the driver ical capabilities of the tank,
from the tank hull into the turret. assure the system of a high degree
Let us look at a situation where we of mobility by responding to the
compare the mobility of a "driver- will of the tank commander more
in-hull" tank with a "driver-in- fully and yet with far less demand
turret" tank. on the commander for 'her

guidance and ass istanc&.

The tank is in a hull 
defilade

firing position. The commander Again, part of the mobility of
decides to move to a subsequent a tank in combat requires it to
firing position as soon as the tar- move backwards--sometimes at maxi-
get currently engaged is destroyed, mum speed. Since the driver in the
"Driver," says the commander, "on hull can see only a few degrees to
my command, move out as quickly as the direct front of the vehicle,
possible to a position just left of moving backwards requires not only
that big oak tree on the second his full efforts, but the complete
rise of ground to our left front." attention of the commander and
In the hull position, the good uninterrupted monopolization of the
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Intercom as well. On the other in control of three separate com-
hand, in the turret position, the munication nets In order to main-
driver can traverse his station so tain effective command and control
that he can see to move backwards over a tank platoon--an almost
with minimum assistance of the impossible task, made barely work-
commander, thus freeing the com- able in the heat of a fire-fight
mander for the many other simul- because the loader serves as part
taneous tasks required to control of the communication chain between
a tank In combat, the company commander and the

platoon commander.
Thus, independently of other

factors associated with tank move- And yet, how have we really
ment, we see that responsiveness considered this factor in the de-
of the tank to the will of the sign of our future tanks? In some
commander (i.e., mobility) can be of our newer tanks, we have
significantly affected by those replaced the human loader with an
design characteristics which automatic loader--but, we have not
directly affect command and con- yet adequately considered replacing
trol. In fact, it is not incon- the function of the loader as a
ceivable that these factors of vital link in the command and con-
comand and control affect mobility trol channel. Some soul-searching
in combat far more than doubling or in this area is going on now with
tripling horsepower, or a new sus- one recommended solution being to
pension system or transmission ever do away with the platoon nets and
could. having only one company net. I

think that we should investigate
Command and control implies the effects of this proposal on

adequate communication, however command and control when we have
one might define adequate. So three separate platoons (of five
let's look at the communications tanks each) engaged in three
sybsystem in the current main separate fire-fights, all trying
battle tank in order that we might to talk over one channel of com-
gain some insight as to how better munication. If you include the
design future tanks for improved company commander and executive
command and control. If we over- officer, this means that 17 differ-
simplify the communication of the ent people, operating at three
platoon leader's tank, we might different levels of command, are
derive something like this (Figure all using one radio frequency with
1) as a schematic of the flow of their very lives depending upon
information. Our poor tank com- its effective use.
mander must concern himself with a
minimum of three separate channels Now, let us turn to the more
of information flow: First, and complex and critical area of fire-
most important, is his intercom power. First, we must realize that
which must function with first firepower involves far more than
priority for him to have a viable fast, accurate shooting at clearly
tank system; second, he must com- visible panel targets. It involves
municate with the other tanks in not only firing at the target that
his platoon in order that he can is indicated by the individual tank
have an effective combat unit; and commander; but, if we are truly
third, he must communicate with his concerned with effective firepower
company commander. Thus, the in combat, delivering fast,
platoon leader must be effectively accurate fire at targets which are
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assigned to Individual tanks by single daytime run, and no instance

the platoon commander. And this at night, in which all three enemy

vital area is one which, while targets received a hit. On the
limited by, is not necessarily other hand, once a target had been
related to such factors as rates hit, had stopped firing and begun
of fire and hit probabilities. We to burn, it continued to receive

have considerable evidence to hits (many targets receiving 10 or
indicate that the effective fire- more hits) while the enemy targets
power of a tank platoon in combat still alive and firing were ignored
may be far more dependent unon the Clearly this Is a problem of fail-

only partly understood factors of ure in command and control on the

command and control, ihan upon the part of the platoon commander who

quite well-understood factors of has the responsibility of distri-
round to round dispersion, track- buting the fire of his unit.
ing performance of the gunner, etc.

Other operational studies of
If we examine some of the major factors Involved in fire effective-

problems in fire effectiveness as ness have indicated that serious
indicated by field research, we may problems of command and control
gain some insight as to how the exist within the individual tank
design of current tanks affects itself. Most studies of target
command and control. detection, If they use realistic

targets which take advantage of
In Project ARNO, a study of terrain in order to survive, have

"Night and day tactical fire indicated that target detection is
effectiveness of tank units" (ORO only one element in time to deliver
T-371, 1958), we wanted to examine a first round that is affected by
some of the factors affecting comand and control problems. Once
tactical fire effectiveness of the the tank commander has acquired a
tank platoon. Essentially, Project target to fire on, he has a major
ARNO was a free play, live fire problem in trying to assign that
exercise, in which we pitted a target to the gunner. We have
tank platoon (five tanks) against found, for example, that the time
three stationary enemy targets. required for the commander to put
The three targets were metallic the gunner on the desired target
panels, in the open, equipped with is usually longer than the time
gun-fire simulators to disclose required for the commander to
their position (by firing a round detect the target in the first
every 15 seconds) to the tank place. In fact, this acquisition
platoon, and which, when hit by time (defined as the time between
tank fire would stop firing and detection by the commander to
burst into flames. acquisition of the target by the

gunner) is usually in the order of
The tank platoon was under the 15 to 18 seconds--the times often

direct control of the platoon reported as total-time to fire on
leader and each of the five tanks a gunnery range.
was supplied with five rounds of H
armor piercing ammunition. Fif- Yet, fortunately, this is one
teen different tank platoons were area where, by the design of our
run through this course, some of tank equipment, we have made sig-

them more than once. And yet, of nificant improvements in the
al! the runs made and all the command and control elements
rounds fired, there was only one affecting times to fire. Both the
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MBT-70 and the M6OAlE2 now Include continue to ignore the Inter-
a "target designate" system. It relationships between tanks in
is the sole function of this combat--that is, the essence of
target designate system to essen- command and control--when we
tially increase the effectiveness design the tank. Essentially,
of the comma,,d and control func- ignoring the role of the tank
tion by providing the commander commander as a commander, even
with an effective means of quickly though, as the speed and complexity
and accurately putting his gunner of modern warfare Increases, com-
on the correct target. mand and control becomes more and

more Important.
The problem of obtaining a

fast, accurate range to the target In recent years, our capa-
(a necessary element in effective bilities for the conduct of opera-
fire) has always presented tank tional field studies have
designers with a dilemma. Essen- broadened to where we can now, if
tially, it has forced them to we so choose, begin to investigate
choose between disrupting command factors of command and control in
and control of the vehicle (by armored warfare. And I suggest we
having the tank commander operate begin to emphasize our efforts in
the rangefinder) or increasing the this area. In fact, I would dare
time to fire the first round (by to suggest that if we truly examine
increasing the number of tasks the role of the tank commander in
required of the gunner before combat, we might find that the day
trigger pull). And yet, unfor- of the saber is not past (in fact,
tunately, the only hard numbers do we not still have crossed sabers
available to the designers upon on the armor insignia?). We might
which to base such a decision have find that replacing the platoon
been obtained from range firing leader's .50 caliber machinegun
data that is data obtained in sit- with a saber, even though theoret-
uations where problems of command ically reducing the number of
and control are minimal. In fact, rounds fired by the platoon in a
we assume, in obtaining most of our given time interval, would actually
input data, that the tank in combat increase the effectiveness of the
behaves as an isolated entity-- firepower of the tank platoon in
moving and shooting independently combat. Perhaps the effect of the
of other tanks in its own unit. saber would even be greater in
And this in spite of the basic tank warfare than Its effects in
maxim of armored combat, that a the days of horse cavalry. For
single isolated tank on the battle- remember, when we equipped our
field is essentially a dbad tank. officers in the cavalry with

carbines, we had only an unorgan-
Why do we not obtain the data ized group of men potting randomly

for tank design from investigations at marauding Indians. When we
which consider the tank system as reduced the number of carbines by
it is actually used in combat? Our providing the officers with sabers,
philosophies of tank combat, our we increased the effective fire-
doctrine, even our training, power of the unit by forcing our
emphasizes that the tank system officers to command and control
must operate in conjunction with their unit, rather than getting
other tanks at a minimum, and overly invo!ved themselves in
otimumly with other combat potting Indians.
elements as well. And yet we
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APPENDIX 2
CURRENT WORK PROGRAMS

2A(1). U.S. ARMY MATERIEL COMMAND
ELECTRONICS COMMAND

Fort Monmouth, New Jersey 07703

A. Human Factors Engineering support to USAECOM and other AMC organi-
zations.

1. The principal mission of the Human Factors Engineering Branch of the
Product Assurance Directorate remains the day-to-day support given to the
USAECOM laboratories and other AMC organizations such as:

a. Advisory and consulting HFE service to ECOM engineers and
scientists.

b. Review and approval of 149 equipment QMR, SDR and Development
Descriptions for suitability of HFE contet.

c. Evaluation of contractors' proposals, including membership on
Source Selection Evaluation Boards (SSEB).

d. Review of contractors' equipment design and specifications for
HFE adequacy.

e. Visits to the contractors' plants to monitor HFE progress.

2. Some of the more significant tasks monitored during FY 70 were:

a. TACFIRE - HFE monitoring and testing of contractor (continuation
from FY 69).
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b. CEFIRM LEADER - HFE monitoring of contract (continuation from
FY 69).

c. STAG - Evaluation of unsolicited proposals (continuatiox from FY
69).

d. NVSVS (ANAJSC-20) - Review of revised development descriptions.

e. UTTAS - HFE support for avionics systems (continuation from
FY 69).

f. UASS - HFE support and assistance (continuation from FY 69).

g. LORAN - Review of system specifications for elpanded contract
definition.

h. RATAC - Review of development aescription for sole source
purchase.

I. MALLARD - Office of Prime Responsibility for the development of
a Human Factors Engineering Plan for the MALLARD project.

J. SHORT RANGE RADAR - HFE for the development of Short Range
Radar AN/PPS-9.

B. The following information is submitted on the current human factors engi-
neering work program conducted by the Avionics Laboratory.

1. Task 1H1 63207 D 235 15 Lnrv;,ns.entation - Sub-task i235-15-03 Cock-
pit Panel Improvement: Investigatv, - E. Stern. This program is concerned
with the improvement of instrumentation in rotary wing utility aircraft through
experimental and analytical engineering and human factors studies and the ap-
plication of up-to-date research re3uitS, currently available techniques, and
state-of-the-art instrumentation. Experimental comparative evaluation of cur-
rent industrial instrumentation developments (applicable to rotary wing aviation)
will be accomplished through part-task and full dynamic simulation and actual
flight evaluation. Instrumentation to be investigated will Include: (1) Convention-
al dial/pointer instruments for flight control, navigation and engine status,
(2) Vertical (moving tape and moving pointer) instruments for flight control,
navigation and engine status, (3) Vertical Situation Indicators, (4) Horizontal
Situation Indicators, and (5) Flight Directors. Information and data derived
will be utilized to implement selected replacement of instrumentation for UH-1/
UTTAS missions. This program further is supported by the following subtasks:
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D235-15-05 Information Transfer Requirements

Investigators: A. Santanlli, USAECOM and J. Barnes, HEL

Determination of Information Transfer Requirements for the utility rotary
wing aircraft (UH-1/UJTTAS) through analysis of mission, functions, task, in-
formation transfer for task and task trinsition and time-based crew loading plus
iterative experimontal evaluation (th'-ough simulation). Current rotary wing
cockpit display/control instrument arrays are evaluated through experimentation,
analysis, and validation of data obtained from: (1) Time-based - Task Load
Analysis, (2) Park Task, Fixed-base helicopter cockpit simulation, (3) Full
helicopter system dynamic simulation, and (4) Flight experimentation. A report
on the first phase of this work was published in March 1970.

D235-15-04 Crew Capability Under Stress

Investigator: A. Santanelli

Plan and direct a program to establish crew capability of Army's personnel
resources under varying conditions and periods of stress In current rotary wing
aircraft. Specific problems are: (1) Effects of Vibration, Noise, Rotor Flicker
on Visual Perception. Utilization and Motor Response, (2) Effect of above fac-
tors as a function of exposure, repetition and age, and (3) Derivation of crew
response characterist'cs and performance curves.

Work to be undertaken in conjunction with HEL involves the determination of
Army crew performance (particularly as pertains to visual perception) as a
function of the ambient spectra in the cockpits of rotary wing aircraft. This will
be accomplished through a survey of existing work and such joint human factors
engineering program involving the analytical and experimental talents and faci-
lities of ECOM and HEL as may be necessary to supplement these findings.
Data derived will provide inputs for design of future instrumentation displays to
be used under severe vibration conditions.

2. task 1H1 62202 A219-04 - Joint Army-Navy Aircraft Instrumentation
Research program (JANAIR) - The following contracts are partially funded by
the Army under the Joint Army-Navy Aircraft Instrumentation Research (JANAIR)
program with technical guidance provided by the Avionics Laboratory:
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Date

Title Investigator Started

Geographic Orientation Human Factors Research, Jun 63 A

Inc. Noar 4218(00)

This subtask seeks to identify pilot's perceptual cues as used to maintain
or reacquire geographic orientation and to relate these cues asused for deter-
mination of optimum display techniques and display symbol encodement. Parti-
cular emphasis is placed on determining the pilot's visual references in the
flight requirement of low altitude and high relative speed over terrain. It is in
this area where pilot geographic orientation is most vital and where disorienta-
tion is most severe.

Visual Requirement-i for Head-Up Sperry Gyroscope Co. Apr 66
Displays Noor N0014-66-60144

This is an experimental research subtask to define the visual requirements
relating to the design of wide-field, virtual-image optical projection diplay
systems and visual phenomena which may compromise the effectiveness of these
displays. The phenomena to be investigated cover all the relevant aspects of
binocular disparity, retinal rivalry, and monocular and binocular viewing of the
display. Included are techniques for alleviating retinal rivalry, the effects of a
real world background, and size of exit pupil and freedom for head movement.

This program is designed to contribute specific knowledge to be used in
evaluating operational acceptability and design of wide-field head-up displays in
future military aircraft in lieu of the current narrow-field, gun-sight type of
display.

Formation Flight Display Study Honeywell, Inc. Jul 66
ONR N0014-66-C0362

This research subtask required in this study is to investigate concepts and
technology applicable to the display of aircraft formation flight Information and
to define the parameters of a suitable display system and technological require-
ments for tactical formation flight under all-visibility (i.e., flyable IFR) con-
ditions.
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Theory of Manual Control Systems Technology Inc. Apr 66
Nonr C0072

There is a continuing need for a cockpit design methodology yielding optimum
control-display designs from an engineering standpoint. A preliminary theory of
manual control has been evolved which is believed to provide a basis for the
required engineering approach. It is the intent of this subtask to refine the
theory, and develop it for systematic application as a means of establishing dis-
play requiuments, and for assessing the relative merits of various displays
of Wg and navigational information to pllots. The refined theory will be sub-
sequently applied to a specific control problem to validate results.

Applizations of System Identification Oceanics, Inc. Apr 68
Techniques to Manual Control Theory

This subtask is designed to quantify and delineate further, mathematical
descriptious of manual contrca through the application of the concept of state-
variables to represent the human operator dynamtcs. This will be accomplished
(by means of a computer simulatimn program) through the development of a cock-
pit display/cntrol/man system identfleatiou procedure, uing statistical in-
formation for random signals (operator, display, control) In the adaptation of
existing estimation teciniques based on imbedding methods and non-linear model
of the human-operator.

This model will be further analyzed through computer experimentation and
verified through further man-In-tha-loop simulation.

Contact Analog Display Evaluation US Navy Missile Apr 66
Center

This subtusk is the determination and experimeatal evaluation of parameters
vand conditions for aircraft contact analog display3 and minimal and optimal

visual and perceptual cbaracleristics of displayed elements. A contact analog
display generator developed in previous work uder this sub-task is being used
in these experiments. A six-degree-of-freedom aircraft cockpit simulation was
installed and completely checked out by early spring of '67 and is now in opera-
tion.

This facility is located at the Human Factore Engineering Laboratory at
the Naval Missile Center, Point Mugu, California.
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This research will provide a scientific fotmdation of data and knowledge for
application in specifying display information requirements to meet particular
Naval aircraft missions. The knowledge of basic optimum characteristics for
multi-parameter aircraft displays, (Vertical Contact Analog Displays (VCAD),
will allow the improvement of the pilotts discrimination on ability; and there-
fore, assist in the prevention of overloading his information processing capacity.

Virtually all future Army and Naval aircraft will employ electronically and
optically generated displays to present flight control, navigational, or target
information to flight crews. A detailed evaluation of experience and experiment
with such Navy and Army aircraft displays is necessary to define the best
symbology to ensure mission accomplishment and to minimize accident potential.

Aircraft Displays for Steep Honeywell, Inc. Aug 67
Approaches N0014-68-C0191

This subtask will determine aircraft display characteristics, including
status, command and emergency information, to permit all weather steep angle
approaches with rotary wing and V/STOL aircraft. The approach angles studied
will be greater than 14 degrees. The study will include data sensing rates and
accuracies and, if necessary, data transformations. The influence c failures
to all or any part of the system will be investigated to .determine back-up or re-
dundant display requirements. In addition, this study will examine the influence
of (a) single versus formation flight, (b) ground and/or sea and self-contained
landing systems, (c) tactical data and control systems; on display configurations
and characteristics. The display system sought will enable manual as well as
automatic control for IFR angle approaches to a landing at fixed as well as
tactical sltes.

The aircraft display systein onvisiloned will reduce the sensitivity of tactical
vert cAl envelopment of maneuvers to indigenous and enemy fire power (ground
fire) and permit mo-e expedient air operations through simultaneous approach/
landing and take-off/departure of military aircraft from developed as well as
umvueveloped landing sites.

Cockpit Geometry Evaluation Study The Boeing Co. Jan 69
N68-00289

TIhis research on cockpit geometry is the first attempt to investigate and
develop computerized methods to evaluate the geometryof an aircraft cockpit
subsystem. In evaluating and developing crew stations, techniques such as
analysis, simulation and testing of actual operations are used to determiWe the
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degree to which system objectives can be successfully achieved. In performance
thereof, problems are encountered in determining what to evaluate, how, when
and the particular form the results should take. Accordingly, it would appear
desirable to develop and implement computerized methods in an attempt to solve
these problems. To da this, it will be necessary to determine what cockpit
geometry factors require evaluation, how these are related to each other, and
their relationship to an overall figure-of-merit for the crew station. Corres-
pondingly, it will be necessary to develop methods that can be selected for
single factor evaluations and for integrating individual factor results into a more
encompassing combination value.
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2A(2). U.S. ARMY MATERIEL COMMAND
HUMAN ENGINEERiNG LABORATORIES

Aberdeen Proving Ground, Maryland 21005iii
A. CURRENT WORK PROGRAMI

1. Systems Research

The work program of the Systems Research Laboratory falls into four
broad, related categories:

a. Applied research of a general nature rs'iAted to a class or classes
of Army materiel.

b. Conduct research in support of concept feasibility and effectiveness
analyses.

c. Direct systems support in the application of existing data and
monitoring of industrial contractor's efforts fur human factors engineering.

d. Human factors engineering data storage and retrieval, and prepa-
ration of human factors engineering standards and design guides.

The work is accomplished within three branches (Weapons; Aviation; ]
and Missile, Communications & Geneaial Support).

a. WEAPONS BRANCH

This branch is responsible for the accomplishment of human factors
engineering of Army weaponry falling in the following classes: infantry (such as
small arms), antiark guided missiles, artillery (all but missiles), armor,
combat vehiclos, and fire contrd equipment. In order to accomplish this mis-
sion, the Weapons Branch performs the following functions: (1) conducts
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applied research necessary to quantitatively describe man's performance as-
sociated with the tasks performed in the operation of weapon systems; (2) con-
ducts parametric weapon design research during weapon systems feasibility or
concept stages whereby the performance associated with particular weapon
design parameters is described; (3) applies established human factors engi-
neering data to weaponry during the RDT&E cycle and monitors industrial con-
tractors; and (4) conducts comparative evaluations of weapon systems by field
and laboratory experiments simulating the more important elements of the
combat situation.

Date
Title Investigator Started

Pistol Efectiveness Research Nair, Lucas, Torre 1967

The objective of this task is to determine the effects of pistol design param-
eters on accuracy and rate of fire. The information will be used to predict
pistol effectiveness as a function of such design parameters as weight, noise,
center of gravity, sight radius, impulse, overturning moment, trigger-pull
force and configuration. It is a three-part program. Part one is a non-firing
program. The objective of part one is to identify the contributions of such de-
sign parameters as weight, trigger-pull force, sight radius, and center of
gravity on aiming error while varying target exposure time. Part two is a fir-
ing program. The objective of part two is to determine the contribution of
weapon design parameters associated with firing--such as impulse, overturning
moment, noise--and the combination of these with previously mentioned param-
eters. The objective of part three is to investigate the behavior of a man/pistol
combination when firing multiple rounds per trigger pull as a function of all of
the primary previously mentioned design parameters and, in addition, the effect
of a restoring moment which might be provided by a muzzle device.

In support of part one, a pistol has been designed and fabricated whose con-
figuration, weight, center of gravity, sight radius and trigger-pull force can be
varied. A light source is mounted on the pistol. It is projected onto a screen
and, through the use of a movie camera, the light is photographed and devia-
tions from the target before, during and after trigger pull are recorded.

In terms of part two, a range was set up which consisted of E-type sil-
houette pop-up targets which could be programmed for varying exposure times
and which could electronically detect hits. The targets ranged from 10 to 30
meters from the firing point. In order to bracket the aiming errors associated
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with the effect of impulse alone, 22 and 38 caliber conversion kits were fitted to
a standard Ml911A1 45 caliber pistol. No other design parameters were varied.
Data from this experiment are presently being analyzed.

In terms of part three, attempts are being made to derive a mathematical
model to predict the dispersion associated with serially firing two to three rounds
per trigger pull. To this end there has been some experimentation whereby
using fastex photography we have photographed the reactions of the man/pistol
combination firing bursts of one, two and three rounds. This was done just for
two impulse levels and two different cyclic rates.

Human Errors in Artillery Fire Horley 1969

The objective of this task is to obtain operational performance data on squad
to battalion size field units engaged in different types of artillery missions. The
data are collected in such a manner as to allow the human error to be isolated
from the systems error and parceled into subsystems of artillery units such as
survey, metro, forward observers, fire direction, and firing batteries. These
data are used in assessing weapon design parameters and as baseline inputs to
computer simulation research.

The first battalion size experiment was conducted at Fort Hood, Texas. The
accuracy and precision for predicted fire was measured and the human error

sources and magnitudes were established. Additional battalion experiments are
being planned to investigate other types of artillery missions such as adjust fire,
direct fire and hip shoots.

Aiming Behavior Research Kramer 1970

The objective of this work is to measure the accuracy and rate of fire of
the M16A1 as a function of time, range (10-60 meters), target size, and the
instructions to the firers.

The data that e~dst for firing against short range targets are incomplete.
This experiment will fill some of the gaps. Additionally, it will investigate
the interaction between target size and range, and effects of widely different
instructions. Hypothetically, the only important parameter of target size is
angular size.

In addition, the many experiments that have been run by various agencies

over the past few years have sometimes produced different results which are
not explained by the range setup. There is good reason to believe that instruc-
tions given the firer are as significant as the weapon he uses insofar as firing
results are concerned.
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The method will be to run a field experiment using several large groups of
enlisted men. Each group will get a different set of instructions on how to
shoot (e.g., aim, point, try to get a first round hit, try to get a hit as quickly
as possible, etc.). Each man will be presented, one at a time, a large number
of targets at ranges from 10-60 meters, although the targets will not be all the
same size. For example, at 20 meters, the targets will appear as large as E-
type silhouettes at 20, 40, and 60 meters. The time of occurrence of each shot
and hit will be recorded.

Troop Posture Horley, Garry 1967

This task is designed to evaluate troop postures (standing to prone in and
out of cover) of enemy forces under artillery fire as a function of time. These
data will be used as inputs to artillery systems analyses to estimate the type
and quantity of artillery ammunition required to defeat enemy targets. Since
postures are a function of target complex, several dlfferent types of targets
will be investigated. The first now being tested is an enemy artillery squad
operating over a 24-hour cycle.

Tracer Experiment Miles Aug 69

The purpose of this task is to determine the increase in effectiveness, if
any, of tracer ammunition over ball ammunition in the infantry ground-to-
ground role.

The tendency of small arms development toward smaller calibers poses
certain difficlties in the design of tracer ammunition. Given adequate time
and money, these difficulties can be expected to be overcome. However, it is
not clear whether the effectiveness of tracer is sufficient to justify that expense.

The HEL Tracer Program will consist of three phases: literature review,
preliminary experiments, and major field est(s). Phase one has been com-
pleted and the report published. Phase two, a series of field tests with single
shooters, is designed to establish what the major factors are which influence
tracer effectiveness and how they operate. The first of eight planned experi-
ments has been conducted. Phase three will be one or more field tests involving
a reinforced infantry rifle squad.
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General Human Factors Support
for Weapon Systems

This is a four-fold effort: (1) to provide assistance in the analysis of
weapon system concepts from a human factors point of view; (2) to provide
support in the preparation and Analysis of testing procedures used In the eval-
uation of either proposed or existing weapon systems; (3) to provide assistance
in the form of monitoring or consultation on existing systems, for example,
participation in RPI's, evaluating Inventions, and reviewing human factors pro-
posed or accomplished work on the part of a contractor; and (4) to determine
what research should be conducted to support future weapon systems falling
within the class of infantry, artillery, combat vehicles, and fire control equip-
ment.

During the past year there was a human factors' review of the Sheridan-
Shillelagh firing accuracy; participation in the Quadripartite Committee for
Unguided Antitank Weapons; participation in the ARDC Ad Hoc Committees for
Combustible Cartridge Case Ammunition and for Caseless Ammunition; parti-
cipation In the ARDC Committee for Gun Air Defense Systems; contributions to
the Recoilless Rifle Applied Research Program; the Shillelagh Product Improve-
ment Committee; the Shillelagh HAW Evaluation; the Reed Committee on Anti-
tank Weapons; and continual participation in the Advanced LAW program.

Human Factors Engineering Eckles 1966
Support of MBT-70

The objective of this task is to insure the application of human factors
engineering (HFE) principles in the detailed design of the 1970 Main Battle Tank.

Task efforts to date have included establishment of HFE programs for the
MBT-70 Project Manager which are applicable in industrial contracts, informal
evaluation of contractors' proposals, and participation in test and evaluation
programs considering critical man/machine interfaces and interactions.

Operational Assessment of Eckles 1965
Man/Combat Vehicle/En- Dickinson
vironmental Interaction

The objective of this task is to assess man/machine performance with
respect to combat vehicles in an operational situation in order to evaluate the
effects of equipment design characteristics on total system performnce.
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Field investigations under both controlled and free-play quasi-combat con-
ditions will be conducted to assess tW, influence of various equipment design
parameters on effectiveness of mission performance by the total man/machine
system. This will require establishment of baseline data against which the ef-
fects of equipment design ohanges on total system performance can be evalu-
ated. Data will be extrapolated to predictions bearing on potential combat per-
formance of current and future combat vehicles.

Antitank Weapons Research Gechwind 1965
Ellis

A major area for improvement In unguided antitank weapons is their fire
control, particularly their rangefinding capability. During the past year
several stadlametric sights were evaluated through field study and plans were
made to conduct more experiments.

b. MISSILE, COMMUNICATIONS & GENERAL SUPPORT BRANCH

This branch is responsible for human factors engineering of air
defense missiles, artillery missiles, communications systems, general com-
bat support vehicles, and combat engineer equipment. Work falls into three
broad categories: applied research, design research, and systems support.

(1) Applied Research
Date

Title Investigator Started

Investigation of Information Davis Oct 67
Content of Air Defense Radar
Symbols

The objective of this task is to capitalize on existing knowledge of symbo-
logy and extend the capabilities of information symbols to highly complex
rapidly changing air defense situations to reduce the time required for decision
making by reducing potential error or error contaminants of complex displays.

Three experiments have been accomplished to relate and evaluate the
capabilities of various codes to synthesize a single code which will be further
evaluated In an operational context using simulation equipment. This equip-
ment will be operational during the current year and will also be utilized to
investigate a wide variety of command-control interactive displays.
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Mobile Communications McCommonas Nov 70

The task objective is to investigate the ability to perform selected com-
munication tasks in a 2 1/2-ton shelter while the vehicle is on the move. Typi-
cal tasks related to TACFIRE and MALLARD Include typing, changing radio
frequencies, calculating fire coordinates and plotting.

Human Information Processing Symington 1970

The task objective Is to quantify specific human performance parameters
involved in information processing. Two subtasks currently under investigation
are: 1) Eliminating subjective time uncertainty as a variable in psychological
refractoriness, 2) The effects of signal location uncertainty and different search
areas on response time.

(2) Design Research

Tactical Automatic Switch Phelps Aug 68
Systems Control Analysis

The objective of this task is to investigate from a human factor's standpoint
the impact of introducing automatic common user telephone switching on a
limited basis on a field army manual switching communications system under
conventional deployment.

Areas of concentration include:

(a) Subscriber information and education requirements

(b) Systems engineering

(c) System control

(d) Programmer task analysis

SAFEGUARD Command Davis Jul 71
Control Analysis Symington

The objective of this task Is to investigate methods and format of displaying
dynamic target related information to Tactical Operation Center personnel to

assure optimum integration of display devices and personnel.
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Improved HAWK Battery Kurtz 1970
Control Center (BCC) Emery

MacLeod

The objective of this task was to evaluate BCC crew performance in dlf-
Srmut tactical situations and system operating modes. The evaluation provided
a measure of Improved HAWK Trainer crew performance. Problem areas were
identified for future design modifications.

(3) Systems Support

Continued support is provided to on-going development projects. Major
systems being supported are:

Engineer Equipment Randall Jul 65

Improved HAWK Kurtz 1969

SAM-D Davis Oct 66

Tactical Switching Phelps Apr 67

Army Area Communications Krueger Mar 70
System Keiser

Marginal Terrain Vehicle Kalen 1966
XM759

Twister Vehicle XM808 Kalen 1968

Truck Series Kalen 1964

SAFEGUARD Kurtz 1964
Erickson

PERSHING Emery Jun 59

TACFIRE Golden Jul 67
Erickson

MASSTER Johnson May 70
Krueger
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Human Engineering Evaluation Krueger Jul 70
of Strategic Communications
Technical Control Facilities

The objective of the evaluation is to determine the degree to which the de-
sign of semi-automatic technical control systems conforms to established HFE
design principles and criteria. Two test bed semi-automatic technical control
facilities are being evaluated. The first includes an Automatin Quality Monitor-
ing and Reporting Subsystem (AQMRS) and the second is an Automatic Technical
Control center including semi-automatic circuit switching capabilities.

The result of the evaluation will consist of recommendations for improve-
meats in the design of future technical control systems and an identification of
any display inadequacies and data processing procedures for semi-automatic
technical control operations.

c. AVIATION BRANCH

This branch is responsible for human factors engineering in air-
craft and aircraft-related materiel. Preponderance of the effort is devoted to
V/STOL and VTOL systems.

The current work program of the Aviation Branch falls into three
broad, related categories: AMC aviation project support, design research of
specific aviation materiel, and human factors research in aviation materiel.

(1) AMC AVIATION PROJECT SUPPORT

Several major changes occurred in Aviation Branch workload dur-
ing FY 70, primarily as a result of there being no new starts in aircraft pro-
curement, and of special interest being shown in the human factors associated
with aircraft survivability.

Although not apparent in the project structure presented below,
direct support to project/systems managers is a continuing and consistent
element of the workload. This manifests itself in the reviewing of QMDO's,
program plans and the like, as well as the maintenance of expertise in a fast
moving field such as contemporary aviation. Though of low visibility, these
efforts are the very foundation of design competence in future developments.
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Date
Title Investiptor Started

SEA NITEOPS Human Factors Foster, DeBellis, 1968
Engineering Support Stowell, Pettit,

Florip

Technical support for the SEA NITEOPS Project Manager, included techni-
cal assistance and evaluation on the FIRTI, AIRBORNE SEARCHLIGHT, IN-
FANT, FLIR (HAC), FLIR (AGC) and the AH-1G Installed Stabilized Night Sight
(SNS).

Significant activity for PM-SN included the selection and modification of the
KAISER FP-50 display for installation in the SNS equipped AH-IG COBRA, as-
sistance in the conduct of the SNS/COBRA flight test activity preparation of the
FP-50/SNS/COBRA flight test plan, conduct of a laboratory experiment on the
effects of the FP-50 on dark adaptation and visual acuity and the publication of
report on same (HEL-TN-2-70). A proposal was submitted to the PM-SN for
the conduct of a study and flight experimentation for the preparation of a format
specification for primary flight displays incorporating night vision devices.

(2) DESIGN INVESTIGATIONS OF SPECIFIC AVIATION MATERIEL

Human Factors I.agineering Corona 1970
Systems Analysis of Aircrew
Armor

Design investigations and experiments are being developed in the following
areas: Dimensional suitability (physical measures to determine operator and
vest compatibility, operator/vest compatibility with selected aircraft seat and
cockpit configurations); Mission Interface (effects of body armor systematically
related to operator performance of various flight tasks); Protection Need Matrix
(vulnerability analysis); Aircraft Performance/Weight and Balance (effects of
weight on CG using various armor configurations); Effects on Operator Per-
formance (impact of the armor system on the performance of selected complex
lsychomotor tasks using multilimb coordination, perceptual-proprioceptive
integration, serial reaction times and target acquisition), and validating the
results against a new proposed anatomically configured aircrew body armor
system.
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CH-54, Crashworthy Corona 1970
Armored Seat

This effort provides human factors engineering monitoring of a UZAAVSCOM
contract with Sikorsky Aircraft and the Carborundum Company for Pilot and Co-
Pilot Armored Crashworthy Seats in the CH-54.

This program is directed at integrating the existing aIrcrew station
geometry with proposed seat coafigurations and the operator/clothng/equipment
configurations. This will be achieved by providing crew Ftation geometry con-
straint data, anthropometric considerations, the various clothing equipment
configurations of the operator(s), and human factors engineering evaluation of
the completed system.

Armament Systems DeBellis 1970

An in-depth study of the maintenance, handling, moumting, and lcading of
the weapon along with developing procechires and techniques with design recom-
mendations for interfacing the weapon to an AH-IG flexible turret (XM12O
system).

Helmet Weight Program Corona 1968

Analysis of data gathered under conditions of symmetric and asymmetric
helmet weight distributicns continues. Draft reports of the three exjerimenLs
completed to date are approximately 25% completed. Apparatus used in these
experiments is undergoing m dification (30% completed) to alluw more precise
measurement of a witJL va.,ety of psychomotor tasks.

Evaluation of Polar Reflecting Pettit Mar 70
Paint on AH-1G

Li An analysis of temperature measurement problems associated with the
comparison of regular and solar reflecting paints PRP) on the AH-IG COBRA
was made. At the request of AVSCOM, prepared a detailed plan of test and
iustnmuentatiic requirements to permit a valld comparison and allow the ef-
fectiveness of SRP to be properly evaluated. AVSCOM made funds available to
purchse necessary nramentation and to Unplement the test. This effort is
currerdly un&drway and the results will be presented in a Technical Memorandum.
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(3; HUMAN FACTORS RESEARCH IN AVIATION MATERIEL

Aircraft Survivability Human Cassatt, Waugh May 70
Factors Program Barnes, Bauer

This program is under the direction of OACSFOR. The objective is to
investigate the human factoru aspects of aircraft survivability. The result of
the program will be improved Army aircraft survivability characteristics, and
more accurate analytic models of Army aircraft survivability.

The program coasists of the following phases:

(a) CONUS interviews detailing maission scenarios and soliciting
judgments and experience of Army aviators recently returned from Viet Nam.

(b) Operations research data collection in Viet Nam, including Intel-

ligence data and detailed debriefings of aircrew members recently completing
missions under hostile circumstances.

(c) Analysis and exchange of information and literature in cooperation
with the Army Materiel Systems Analysis Agency (AMSAA).

To date, CONUS interview data has been collected, plans for Viet Nam data
collection continue, analyses of Battle Damage Assessment Reporting Program
(BDARP) and TWX data continue.

Evaluation of Pilot Incapacitation Cassatt, Doss May 70
in Combat (EPIC)

A program of research in support of the Vulnerability Laboratory, Ballis-
tics Research Laboratory, was initiated i.r March 1970. The long range purpoe

of this progr,m is to define thove tasks in controlling the flight of helicopters,
which canzot &-3 performed in the event the pilot becomes incapacitated by bullet
wounds. Current objectives are:

1. iXetermine the most feasible method of achieving a short-term

incapacitation of individual limbs, and selectively immobilizing segrents of
limbs.

2. Conduct preliminary verification and validation of selected incapa-
citation techniques on a 1-CA-1 Flight Simulator/Trainer.
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3. Conduct an fa-flight evalir.tion ,-Ith the Wdrlyinta flliewcapc
Trainer, to determine performance legrada,:,in a 3 A functio± of sdncted nodos
of pilot incapacitation.

Aircrew Station Display and Barnes Jai 67
Information Processing

During FY 70 regular participation in O's Joint Army Navy Aircraft lnstru-
mentation Research and Search Rescue Working Groups has been continued.
The initial phase of the Human Euglneerlng Labiratories - Electronic Command
Support Plan has been completed Lad th,,- lactical Utility Helicopter Information.
Trmnsfei Srady Report has beer publisha:d. The equipment used to gather the
dala for the study to determine the effect-; of presently available instrument
. ghti.g systems on new generation inst, inents 'has been re-built and the re-
search will be completed in FY 70

Aircrew Station Environment Baui, Jomes Jul 67

Objectives cre to develcp measurement techldques and to assess environ-
mental variables including light, heat, noise, and i )ration as they interact
with design and affect performance in aircrew stat j ... Lxperiments will
p~ovide a basts for imnrovecd Army air vd. le design s'- dards. Illustrative of
on-gointg work are the follaving:

(1) InvestigatiAio of the effects of flash duration and illuminaace on
dark/light adapiolivn

(2) .ialuations of prototype cathode ray tube flight displays in simu-
1ated nigbt anvIronments;

,) (3) Effects of vertical vibration on multilimb coordination and target

acquioiton. In addition to the above, the collection tabaseline measures of
thermal environments in aircrew station environments under conditions of ground
run-up, hover, climb, and cruise continues.

Airraft Handling Qualities Waugh Jul 68.9Pnd Control

Evring FY 70 a contract was negotiated for a tracking 3ystem slated for
Iroclueion in the IlIght test fncility which will providc contnuous measurement
of 'che tranlatory mrotion of a hovering V/STOL aircralt. Delivery took place
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late May 1970. Also a paper has been written for journal publication justifying
and delineating the Human Engineering Laboratories' approach to handling
qualities evaluation for purposes of evoking comment and dialogue from the
aviation industry and other government aviation agencies. Data collection on
pilot subject periorming hovering flight routine as well as independent testing of
their psychomotor skill capability and assessment of their profile of flying
experience is expected to begin in FY 71.

Human Factors Concept and Cassatt Jul 67
Standards Development for
Aviation Materiel

This task is designed to advance the development of air vehicle concepts
feasibility analysis pertaining to critical human performance parameters and
to insure the timely applicatiou of valid design criteria.

Experiments were completed on optical coatings for aircraft instrument
g-sses and filters for airborne roster scan displays. Review of the Draft
Engineering Design Handbook for Rctorcraft is being carried out on a continuing
basis.

2. Basic Research

The Behavioral Research Laboratory conducts all of the basic research
within the Human Engineering Laboratories (HEL). This program is designed
to establish himan capabilities and limitations under a wide variety of opera-
tional and environmental conditions.

Six research teams have responsibility for the following tasks:
Date

Title Investigator Started

Neural Contro of Sensory Input Oatman Jul 68

The objectives off this task are to measure zesponses from sensory path-
ways in order to identify the physiological mechanisms involved in attention,
where attention to one sensory input modulates or filters another sensory in-
put; to specify the regions of the central nervous system which mediate such
sensory interactions; and to assess the stimulus parameters under which such
se-mory interactions may be modified.
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Experiments have been completed which demonstrated that, when cats are
attentive to a visual discrimination task, the amplitude of auditory evoked
potentials are suppressed. Electrophysiologioal evidence of cross-sevnqory
interaction in the central nervous system has been obtained. Experiments
are under way to determine the parameters of auditory input which are affected
by attention to visual inputs, including loudness and frequency.

Vision - Depth Perception McCain Jul 69

Conventional depth perception tests use dark objects against lighter back-
grounds. In the real world, however, people view colored objects to perceive
real or apparent depth. This task investigates how colored objects are per-
ceived in depth, how color, per se, affects apparent dstance, and how to de-
velop a means of measuring this variable.

Current efforts are focused on further definition of the color-luminance
interaction, and investigation of the role of chromatic aoerration in perceived
depth.

Human Sensory Processes in Mili- Monty, Karsh Mar 68
tary Operational Environments

This task's purpose is to investigate visual and cutaneous sensitivity to
(a) examine selected properties of the sensors and (b) develcp measures to in-
dicate impairment or loss of sensory function. Of particular interest are simi-
larities between visual and cutaneous sy~tems and how fundamental perceptual
processes common to both systems are altered by stresses associated with
operational environments.

Relation of Hearing Change to Price Jul 66
Acoustic Input

The objective of this task is to establish the relationship between acoustic
input, immediate hearing loss, and recovery from such losses in the peripheral
and central nervous systems. Research will be conducted to establish relation-
ships between continuous, intermittent, and impulsive acoustic inputs and
hearing changes.

The effect of spacing stimulation on the traumatic properties of stimuli
have been published. Work in progress includes investigation of the effect of
impulsive stimuli of variouzs Intensities and a study of the locus of changes
in sensitivity within the central nervous system.
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Physiological Aspects of Emotions Carriero Jul 68
of Military Personnel

The purpose of this research is to determine to what extent cd ages in
physiological activity such as heart rate, blood pressure, muscle activity, etc.,
can be used to measure attitudes, to predict attitude change, and actual ac-
ceptance-rejection behavior. Experiments will be conducted to determine the
relationship between human performance and physiological activation.

Sources of potential emotionally arousing material have been identified
and contacted. Equipment calibration and data reduction techniques are pre-
sently being explored.

Keeping Track of Sequential Informa- Monty Jul 66
tion in Military Operations

The objective is to examine and isolate those variables affecting man's
capacity to keep track mentally of a series of events occurring sequentially;
to describe the memory and perceptual processes employed by individuals
performing such tasks; to investigate the time required to perform complex
mental tasks; to develop a general theory of keeping track performance.

Recent experiments have investigated problems associated with order of
report required, methods of encoding in memory, the effects of multiple in-
cremental manipulations and information rate, and problems associated with
incremental proces.es. P rinciples for the design of displays have been de-
duced and submitted for publication.

Endocrine Response to Stress Hudgens Jul 6F"

The objective is to determine potential environmental effects and to gain
an understanding of the central nervous system mechanisms which control the
stress response and affect performance.

Experiments have shown that emotional reactivity in a stressful situation
uan be lessened by enriching the organism's past experience through added
sensory input. Social interaction can enhance or modify these effects. A study
is in progress to determine whether or not this beneficial effect can be trans-
ferred via brain RNA extracts from one organism to another.
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Auditory Threshold Changes as a Hodge Jul 66
Function of Weapon Noise Exposure

The objectives are (a) develop a predictive model of weapon noise effects
on performance of combat-relevant skills; (b) improve existing damage risk
criteria; (c) extend knowledge of variables involved in the acquisition and
recovery of temporary hearing losses; and (d) improve methods for assessing
human auditory capabilities.

A state-of-the-art review of the effects of noise and blast on man has been
submitted for publication. Effects of exposure to single, large-amplitude im-
pulses have been investigated, along with the protective value of ear plugs.
Current emphasis is on determination of the feasibility of predicting the effects
of hearing losses on performance of combat-relevant skills.

Parameters of Human Pattern Hodge (Monitor) Sep 67
Perception Evans (Texas Christian Univ)

The objective is to conduct methodological, empirical, and theoretical
investigations of human pattern perception emphasizing understanding human
performance using patterns representative of the real world. Ultimate goal is
the development of a computer-based model of human pattern perception be-
havior.

The completed methodological phase developed computer programs for
generating controlled populations of patterns having features comparabs to
those in the real world. Empirical experiments are emphasizing the strategies
by which man selects features from objects and patterns and uses them as a
basis for classifying patterns into families. Multivariate and process models
of pattern perception are being developed. Certain portions of a process
model have been simulated via computer.

Performance, Recovery and Hodge (Monitor) Sep 68
Man-Machine Effectiveness Dudek (Texas Tech Univ)

The objectives of this tMsk are to determine man's ability to perform for
long periods of time and his ability to recover from such performance. En-
vironmental, task and organizational variables affecting several different con-
ceptualized man-machine systems are being investigated. Means of sustaining
performance and speeding recovery will be investigated.
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Investigations of body orientation and tracking under conditions of vertical
vibration have been completed, as have work-rest cycle studies. An environ-
mental chamber is being used for investigations of temperature and humidity
effects on performance. Nutritional and pre-conditioning variables' effects
on vigilance performance have been studied.

3. ENGINEERING RESEARCH LABORATORY

The Engineering Research Laboratory is composed of four branches:
Design Engineering, Electronic Development, Acoustical Research and the
Experiment~l Shop. A photographic support service is also part of this labora-
tory. The primary purpose of this laboratory is to provide general and specia-
lized support for the Behavioral and Systems Research Laboratories. The
Engineering Research Laboratory also performs experimental engineering in-
vestigations and applied engineering research, as required, to carry on its
mission. Examples of this work and support are as follows:

a. Mock-up of Sheridan Laser Range Finder and auxiliary equipment.

b. Pop-up targets, gas operated, radio controlled.

c. Instrumentation - analysis of mobile communication.

d. Remote controlled firing devices for Tracer Experiments.

e. Light flash projector - Aircrew Station Environment Investigation.

f. Helicopter instrumentation - Temperature and Display Research.

g. Installation of Command-Control Display Simulator.

The Acoustical Research Branch's principal areas of endeavor, at this time,
are: criteria for evaluating helicopter noise detection and signature; improving
voice communications and ear protection for - hicles in field operations; re-
search on attenuating materials for use in AM(L equipment; continuing consulta-
tion in the area of weffects of noise upon man", to the Systems Research Lab-
oratory, and outside agencies upon request, improved noise measurement
techniques are continuously being developed and the HEL Noise Standard, "Maxi-
mum Noise Level for AMC Equipment", is being continuously updated. This
document is included in the contractural specification for almost all equipment
purchased by AMC. Other phases of noise phenomena being investigated to
include detection and identification of low level sounds in extremely quite noise
environments.
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Date
Title Investigator Started

OH-58A Helicopter lance Jun 70
Young

The objective of this task is to obtain Internal and external noise level
measurements to be used to generate base line data to evaluate Army helicopter
noise problems and how they effect human performance.

Internal measurement data including the firing of weapons will be used (a)
to establish if personnel could suffer hearing damage, (b) the percentage of
intelligibility obtained in the communications system.

The purpose of the external measurements is to determine the sound pres-
sure levels produced by the helicopter in various flight conditions. The data
coUected will be used to plot equal sound pressure level contours by octave
bands at the earth's surface for each flight condition. The sound contours will
be used to make predictions of the aural detectability of the helicopter by per-
sonnel on the ground.

Communication System Garinther Jun 70
Intelligibility Criteria Young

The objective of this task is (1) to determine the phonetically balanced (PB)
score necessary to provide a tank crew with communications which are adequate
to effectively perform their mission, (2) to determine the noise level to which
a tank crew is exposed during a typical "24 hour battlefield day"; (3) to deter-
mine the hearing hazard incurred by this noise and the degree of hearing pro-
tection required to minimize this hazard.

The commonly accepted PB scores of 70% required and 80% desired for a
communications system have been used by this laboratory over the past years.
However, in some systems in which a limited ummber of standard phrases are
used by trained personnel, the system would have a lower communications re-
quirement than one with a more precise dialogue exchange.

This task will consist of a psychoacoustical determination of how much the
intelligibility of a given system can be degraded and still maintain adequate
effectiveness.
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Attenuating Materials Holland Jun 70
Investigation

The objective of this task is to determine the articulation index (AI) from
noise data generated inside an S-141/G Communications Shelter, with varying
amounts of acoustical materials applied to all surfaces except the floor. The
AI measured in octave bands is highly correlated with speech intelligibility as
evaluated by speech perception tests.

An investigation of acoustical materials with a high coefficient of sound
absorption and a surface sufficient to withstand usage requirements will be
conducted for available materials. A thorough literature review will be made,
and any pertinent data will be analyzed to determine if it contains any appropriate
information, compatible for use with this task requirement.
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2A(3). U.S. ARMY MATERIEL COMMAND
MISSILE COMMAND

Redstone Arsenal, Alabama 35809

CURRENT WORK PROGRAM

1. Advanced Research Projects

Human factors consulting services are furnished to several advanced
research projects in the areas of program evaluation, contract monitoring and
technical support.

2. Army Forward Area Air Defense System (AFAADS)

Human Factors Engineering (HFE) support was furniohed to two efforts
being conducted under the AFAADS program--IRDA and AMTOC. The objective
of the first task is to develop and build an infrared target signature data acqui-
sition system using a precision tracking mount. The human factors role in this
task is to design the workspace in the recording and instrumentation van for the
remote control of the mount and to determine the functions required by the re-
mote operator to successfully execute the tracking mission to include TV track-
ing. Remote facllty layout, console design, control and display design and
activity analysis have been completed. HFE support to the test program will be
furnished as required. HFE efforts on the Advanced Sensors Tracking Mont
Program are continued. HFF - 'port was also furnished, during the current
reporting period, to preparatio. of test plans for target detection, recognition
and identification.
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3. CHAPARRAL

Human Factors Engineering support of CHAPARRAL system develop-
ment during the reporting period has been a minimum sustaining effort in the
general areas of contract monitoring, system evaluation and product improve-
ment design. A review and analysis of visual problems associated with canopy
icing and deicing was completed and human factors planning for proposed target
acquisition aid tests was undertaken.

4. Concept Formulation Programs

Human Factors Engineering inputs are furnished, on an "as required"
basis, to programs in early phases of their life cycles. During the current
reporting period, HFE efforts in this area included evaluation of concepts, iden-
tification of potential human factors problem areas and formulation of relevant
research requirements for systems enumerated by the Army Missile Plan.
HFE support to concept formulation is a continuing effort.

5. DOD Standardization Program
Project MOSC-0600

This effort is a follow-up to DOD Standardization Program Project
MISC-0422 which consolidated all Army, Navy, and Air Force human engineer-
ing design requirements into a single, fully coordinated military standard in
February 1968. The objectives of this program were to incorporate into MIL-
STD-1472 current -oequirements uot contained in the military standards which
MIL-STD-1472 superseded and to improve scope and presentation format.
Pursuant to these objectives, tri-service inputs were processed through the
departmental custodians (Army Missile Command, Naval Air System Command
and Air Force Systems Command Aeronautical Systems Division) to the prepar-
ing activity (Army Missile Command). Other government and industry group
inputs were submitted directly to the preparing activity. Formal coordination
was completed with the convening of a Tri-Service/Industry working group,
15-16 April 1970, to resolve all essential comments. MIL-STD-1472A, "Human
Eagineering Design Criteria for Military Systems, Equipment and Facilities,"
was subsequently submitted through standardization channels for publication,
distribution and use. This project was initiated during FY 69 and was completed
during FY 70.2
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6. DOD Standardization Program
Project MISC-A-601

The objective of this program was to consolidate general requirements
for color and marking of Army materiel In a limlted-coordination military stan-
dad. The purpose was twofold--to place in a military standard color and mark-
ing requirements contained in regulatory documents not readily available to
contractors, and to consolidate into a single document color and marking re-
quirements contained in numerous specifications and standards for different
classes of material. This standard will, therefore, serve the dual purposes of
stating requirements and serving as a convenient index for color and marking of
Army materiel. This project was initiated during FY 69 and was completed
during FY 70.

7. Design Evaluation, General

Human Factors Engineering evaluations are performed, as short term
efforts, in supprt of numerous programs on an "as required" basis. Typical
HFE design evaluations conducted during this reporting period included critical
HFE areas !or M-22 and QH-50, acoustic effects of HERCULES equipment, and
TOW-COBRA tracking requirements. Program and HFE requirements support
were furnished to MARS, LCSS, Met RDT&E Rocket System, BATS, PERSHING,
and SAM-D.

8. DRAGON Maintenance Set

Human Factors Engineering support in the areas of subsystem evaluation,
contract monitoring and design assistance is performed as a continuing effort for
the DRAGON Maintenance Set. Tasks duchtg the current reporting period in-

eluded atalyses of operating procedures, selection of appropriate anthropometric
data for use in design, consideration of adverse temperature operation effects on
personnel, consideration of size and weight of manually lifted and handled Items,
and establishment of requirements for ge-neral human engineering design.

9. Electro-Optical Missile Guidance Studies

Flight tests were completed at the Missile Command during the third
quarter of FY 70 to define the capability of human operators to detect and identify
tank type targets from the air by direct vision and lock a tracking gate in a
helmet-mounted video display onto the target in preparation for missile launch.
A formal report of findings was issued in the fourth quarter cf FY 70. Experi-
mentation performed on this program was a contractor effort (North American
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Rockwell). Planned follow-up phase includes studies of methods to improve
human performance under the conditions of the flight tests, and a simulation
experiment on the indirect fire target acquisition problem with emphasis on
simulated target designation as a potential operator acquisition aid.

10. FAAR

During the current reporting period, environmental requirements for
a crewmember riding in the moving shelter have been developed. Testing of
this mode and normal operation environment was initiated. An evaluation of the
FAAR PPI was performed with particular emphasis on target size, screen bright-
ness, IFF discrimination and target ambiguity check. Other areas of HFE
analysis/evaluation included antenna alignment procedures, improved seating
design, size and weight of items to be manually lifted and handled, and enplace-
meat and march order test procedure preparation. The FAAR HFE effort is
continuing.

11. Human Engineering Requirements and Criteria

As "Preparing Activity," MICOM maintains the following human engi-
neering requirements and criteria documents: MiL-H-46855, "Human Engineer-
ing Requirements for Military Systems, Equipment and Facilities;" MIL-STD-
1472, "Human Engineering Design Criteria for Military Systems, Equipment and
Facilities;" MIL-STD-XXXX, "Standard General Requirements for Color and
Marking of Army Materiel;" the eight human engineering data items of the Army
Authorized Data List; and the "Human Engineering Design Data Digest"--a
graphical, tabular, and pictorial portrayal of human engineering design require-
ments.

12. SAFEGUARD

Human Factors Engr'eering consulting services are furnished to the
SAFEGUARD System Command in the areas of system evaluation, contract
monitoring, and design assistance.

13. SHILLELAGH

An investigation was conducted to evaluate Infantry SHILLELAGH cou-
cepts from the standpoints of safety and human factors. General relevant areas
studied included launch induced environment, equipment weight/configuration,
reaction time, and gunner performance. A detailed report of findings was
prepared and published.
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14. VRT

The objective of this effort was to dettz ine the feasibility of building
inexpensive flying models of jet aIrcraft using momentum compression ramjet
engines and to analyze how these models can be used to realistically simulate
tactical situations where personnel can be trained to identify friendly and foe jet
aircraft. Approach included analytic determination of scale size of aircraft to
accommodate momentum compression ramjet engine, optimum physical and
flight characteristics, configuration changes required to optimize performance
and effect on recognition features, concept for training, advantages and disad-
vantages of the concept and logistic costs. This effort (porformed under contract
by Brown Engineering Company) was initiated and completed during FY 70, in-
cluding preparation and distribution of final report.
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2A(4). U.S. ARMY MATERIEL COMMAND
MUNITIONS COMMAND

Dover, New Jersey 07801

EDGEWOOD ARSENAL

Current Work Program

The program of the Human Factors Group encompasses planning and conducting
basic and applied research to produce human factors data for systems and com-

ponents, planning and Incorporating buman factors considerations in chemical
materiel designed and developed by the Edgewood Arsenal Development Labora-
tories and their contractors; incorporating human factors considerations in the
safety and reliability evaluations and production inspections conducted by the
Quality Assurance Directorate; reviewing operator manuals and other such
documents to insure ease of reading and understanding, insure completeness of
instructions for operation and maintenance, and to assure maximum effective-
ness of man-machine combinations with chemical materiel in all operational
environments.

Date
Title Investigator Started

Multishot Portable Flame Karr Sep 68
Weapon, XM191

Marking and Detection System Karr Oct 68

Disperser "nftoit Control Houff Aug 68
AVt, XM30
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Disperser and Riot Control Houff Aug 68
Agent, XM32

40mm, CS Cartridge, XM627 Houff Sep 68

40mm, CS Cartridge, XM651E3 Houff Sep 68

Portable RCA Disperser, XM33 Houff Sep 68

Grenade, XM47E1 and XM48E1 DeLaney Aug 66

Portable Flame Thrower M9E1-7 Houff Apr 67

155mm, Binary Projectile DeLaney Feb 68

Service Unit, Flame Thrower Houff May 67
Track Vehicle Mounted, XM45E1

Human Factors Evaluation of Karr Mar 69

Foam Generators

Canister, Cluster, Tactical Houff Jul 66
CS, XM15 and XM16

Shelter System XM51 (CB Jackson Apr 68
Pressurized Pod)

Multi-purpose Military Mask Jackson Sep 67
Program, forn.-erly (Aircrew-

man's Mask Module)

Collective Protection Equipment Houff Feb 65
M577 Command and Post Carrier

XM235 Detector Kit DeT~aney Apr 67

XM15 Detector Kit DeLaney Apr 67

Auto Atropine Injector Houff May 69

Collective Protectim for Vehicles, Jackson Jul 68
Van, Shelters

264



XM14 Collective Protection Equipment, Houff Feb 65
Command Post Vehicles M291A2

Liquid Agent Detector (LAD) Jackson Nov 65

Non CB Stress Effects of the Jackson May 69
Protective Ensemble

Visual and Optical Consideration Houff Jan 69
of Field and Protective Masks

Effect of the Protective Ensemble Jackson Mar 69
on Vigilance Performance

PICATINNY ARSENAL

HUMAN ENGINEERING SUPPORT GROUP
Date

Title Investigator Started

Missile System Warhead Development DeTogni 1961

This series of projects provides human factors support for the design and
development of the warhead sections for missile systems. Specific attention is
given to total system compatibility, multiple warhead capabilities, test and
handling equipment and operational and procedural manual development.

Specific projects receiving human factors support are:

a. Lance
b. Sprint
c. Spartan

Nuclear Demolition Development Kostakis 1960

This series of projects provides human factors support for the continual
design and development of various types of nuclear projectiles and demolition
devices. Emphasis is placed upon portability requirements, environmental ef-
fects on handling and tactical employment procedures.

Specific projects receiving human factors support are:

AFS
1. XM17
2. XM94
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human factors evaluation of the complete system will be undertaken during the
development test phase which is expected to be reached during the first quarter
of FY 1971.

7.62MM Standard Rifle Mount Kelly May 68
(Cartridge 7.62MM Tactical
Packaging)

Purpose of the program is to develop an optimal ammunition feeding system
for the Mini-gun. A survey and analysis of systems currently in use was con-
ducted to obtain information to assist in optimizing the parameters involved in
the packaging, storing, handling, loading, and feeding of ammunition. A report
with tentative conclusions and recommendations is being published.

5.56MM and 7.62MM Cartridge Kelly May 68
Ammunition Fixture

Purpose of the program is to investigate the dynamics of the human system
component as it affects the testing of small caliber ammunition. By reproducing
the bodily reaction of an average gunner with programmed recoil buffers in a
simulation test fixture, variation in the testing of ammunition resulting from
individual differences in gunners could be controlled and reduced to minimal
levels. Subsequent to the literature survey and review of prior work, a contract
was placed and construction of the test fixture was undertaken. The pro-
gram has been delayed by technical and funding problems but preliminary results
and information are expected to be available during the first quarter of FY 1971.

Small Arms Applied Reseirch Hanna 1969
(Fire Control)

Effort has been directed toward establishing a data base to define the
weapon-man-sight dynamic interface for small arms weapons. Objectives are:
determine human factors parameters affecting fire control system design;
Identify known areas where a small effort in human factors analysis or testing
can significantly contribute to increasing the effectiveness of developmental or
production items applicable to small arms fire control; establish technical
lir t!ts of the program to be used as a framework for planning future effort.

Laser Target Dehtgnatica System Gallun Jan 69
(LTDS)

The objective of this task was to monitor the contractor's human factors
efforts in the modification of the Seeker - Detection units and control panels to
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Conventional Systems Development Kostaids 1960
DeTc
Carloct
Buckiin
Rayner

This series of projects provide human factors support for the continuing
design and development of mortar systems, landmines, hand grenades, rockets,
etc., Laboratory and field studies are designed to evaluate specific engineering
designs and particular operational procedures.

Specific projects receiving human factors support .- re:

a. M33A1 Hand Grenade (Product Improvement)
b. XM63 Anti-Disturbance Module
c. XM432 and XM433 Fuzes for 2.75" Rockets
d. 81mm Mortar Fuzes
e. Helicopter Sensor Dispensing System

SPECIAL PROJECTS GROUP

Visual Detection Center Activities Bucklin 1966
Weasner
Rayner
Carlock

These activities include human factors support for the establishment of de-
sign parameters for illuminating and target marking systems including flares,
smokes and chemiluminescent materials. An extensive literature search and a
continuing series of field studies has been and will be conducted to isolate the
effect of Illumination, color, visual acuit3y, burning time, terrain features, move-
ment and other variables upon the effectiveness of specific line items.

Personnel of this group also conduct laboratory and field studies aimed at
developing camouflage techniques for surface emplaced munitions and sensors.
The principles of imitation, blending, decision jamming and noise introduction
are being studied in relation to tactical practice and human detection capability.
In addition, an effort is being made to develop a detection ability scale.
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Specific projects receiving human factors support are:

a. XM56 AV Mine System
b. M127A1 Illuminating Signal (Safety Improvement)
c. XM125 Hand-Held Signals
d. BASS I

Portability Center Activities Carlock 1962
Kostakis
Weasner

This project evaluates present and projected carrying devices and techni-
ques for Picatinny Arsenal developed weapon systems. Effects of load-carrying
upon fine motor performance and decision making ability are also studied.

Specific projects receiving human factors support are:

a. Components of BASS I
b. AFS Components

Behavioral and Psychological Bucklin 1970
Effects Studies Weasner

Attempts are being made to develop techniques for measuring lethal and
non-lethal weapons system effectiveness through the use of behavioral and psy-
chological effects.

I

Specific projects receiving human factors support are:

a. Barrier Counterbarrier Project
b. Disperse 4

Staff Service and Consultation Staff 1966

Personnel of the Human Factors Section provide consultatl n services
for Arsenal management in the areas of training, motivation, staff development
and engineering and scientific personne problems.
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FhANKFORD ARSENAL

CURRENT WORK PROGRAM
Date

Title Individual Started

Tracer Visibility Research Program Kelly Jan 65

This is a study of the characteristics of a tracer bullet for optimum
visibility in daylight. Factors considered are: tracer candlepower intensity;
amount of natural illumination; color and reflectance of background terrain;
color of trace; velocity of bullet; and position of the observer. Correlation will
be established between observed visibility and tracer intensity. Effort on this
program is dependent on the availability of funding for FY 1971.

Target Acquisition Kelly Jan 66

Effort on this project is dependent on the availability of funding for FY 1971
and succeeding years. The programa involves target detection, recognition, and
identification with the aid of optical devices. Areas of concern for FY 1971 and
following include: practical uppper limits of magnification; optimum combina-
tions of magnification and field of view for stated visual tasks; relative merits
of fixed and variable magnification; and the most effective search techniques for
a given magnification and field of view.

Human Factors Study of Fuze Gallun 1962
Setting Problems

A continuing program in which general concepts such as safety, ease and
accuracy of setting, visual factors, and specific problems are investigated for
the purpose of validating existing information and generating new data concerning
the human factor variables involved in fuze setting.

MBT 70 Kelly Jun 60

Purpose of this program is to provide human factors engineering support for
the fire control aspects of the Main Battle Tank. The Branch is primarily con-
cerned with coordinating the efforts of Frankford Arsenal with other agencies
involved in the program. Currently under investigation is the compatibility of
fire control equipment with the personal and protective gear of combat vehicle
crew members such as helmets and gas masks.
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Special Products Devices McGuigan Jul 66

This is a continuing program for which funding is provided for human
factors work for a variety of devices concerned with guerrilla and counter-
guerrilla warfare and ancillary areas. Much of the work is of a classified
nature and is conducted in the general areas of ammunition, improvised muni-
tions, flares, and specialized devices concerned with unconventional warfare.

Advanced Flare and Dispensing Staff Apr 67
System for Army Fixed and
Rotary Winged Aircraft

Object of the study was to review and coordinate the data pertaining to
human factors which would affect the feasibility of new target illumination and
identification concepts. The study was completed and a final report has been
published.

Forward Looking Infrared (FLuR) Gailun Dec 66
Target Acquisition and Fire Control
Sub-system

Branch effort on this program included a human factors analysis of control
and display parameters to fulfill part of AVSCOM's requirements prior to
issuance of an -Allied Equipment Safety Flight Release for the UH-1M FLIR
System. Future effort on the program will consist of Branch review of the human
factors aspects of contractor proposals for an Advanced FL1IR System.

Moving Target Radar (Fire Control) Gallun 1967

Branch effort on this program included recommendations for the integration
of an indicator (CRT), a tracking hand control, and associated control panels
into a i H-1 helicopter. Human factors effort on the program was terminated
when the Moving 'Target Radar system was redirected for installation into the
AH-1 helicopter configuration. Branch involvement on the latter program will
be dependent on the availability of funding for FY 1971.

Multi-Weapon Fire Control Ga~lun Jan 67
System (MWFCS)

Branch role consists of monitoring the contractor's human factors efforts
in repackaging the MWFCS for installation to the AH-1G helicopter. A task
analysis of the pilot's and copilot's gunnery roles is currently in process. A
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interface with the various sight systems involved in the UH-1 and AH-1G heli-
copters. A comprehensive in-house study of the contractor's panel drawings
and Seeker - Detection unit mockup was performed and recommeAdations made.
Branch effort on the program was terminated and future activity is dependent
upon funding for FY 1971.

Psychological Barrier Effects McGuigan May 69

Bran,,- responsibility involves coordination of the behavioral and social
aspects of ongoing barrier effects, programs, and concept generation for con-
trollable barriers. Future effort on the program will depend on the availability
of funding for FY 1971.

Human Factors ATE (Automatic Gallun Feb 69
Test Equipment for Internal
Combustion Engine Powered Material
- Organizational)

Branch effort on this program includes the preparation of the human factors
engineering requirements for the Engineering Description of the ATE, evalua-
tion of the human factors portion of contractor proposals and monitoring of
contractor human factors efforts during the development and testing phases of
the program.

Small Caliber Ammunition McGuigan 1970
Plat Modernization Program Hanna

Branch responsibility on this program is to assure contractor delivery of
optimally human factors engineered equipment and faciities to the government.
Prime areas of investigation include a complete task and systems analysis as
well as specific items such as maintenance, safety, workspace, environmental
conditions, and others. Evaluation of technical risks and program costs prior
to system development will be stressed.

Consultation and Advisory Services Staff

Human factors engineering services are provided for research, develop-
ment, and production engineering activities on an on-call basis. These services
include such representative areas as participation in feasibility and concept
evaluations, evaluation of components and/or equipment, provision of human
factors engineering data to design engineers, participation on committees for
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consideration of human factors in product improvement contracts, and member-
ship on ad hoc groups for investigation of specific problems.

Monitoring Services Staff

This function provides for the supervision, together with the technical
supervision of the contract, of the human factors engineering portions of
Frankdord Arsenal Research and Development contracts. Services include the
evaluation of progress and final reports, visits to contractor installations as
required, and participation in other phases of procurement such as preaward
meetings of contracts by personal contact with project engineers and evaluation
of quarterly progress reports.

27
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2A(5). U.S. ARMY MATERIEL COMMAND
NATICK LABORATORIES

Natick, Massachusetts 07160

CURRENT WORK PROGRAM

1. Man/Environment Compatibility Engineering Research

Within the Army Human Factors Engineering program, the purpose of
this task is to conduct human factors engineering research in order to define
and. apply scientific principles of human physical and psychological characteris-
tics to the design of clothing, equipment, and food. Anthropometric data are
collected on U. S. and foreign military populations and anayz d in order to
define the characteristics of body size for use in the design, sizing, and tarif-
fing of military clothing and personal equipment. Psychological studies and
performance measurements contribute to the development of military materiel
that will increase the soldier's efficiency and effect compatibility among the
soldier, his equipment and his environment.

Date
Titie Investigator Started

Human factors research and corn- J. Lockhart 1969
patibility studies of environmental, H. Kiess
clothing, and personal equipment J. McGinnis
effects in cold and tropic environments

Human engineering studies are conducted to determine the sensory, per-
ceptual, psychomotor, and psychological effects of cold and tropic environmental
exposure for protected and unprotected individuals, and relate these effects to
military task performance in extreme environments and to soldier personal
equipment-performance compatibility.
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Human factors research in support J. McGinnis 1969
of material research and develop- H. Kiess
ment to include clothing, personal J. Hearns
equipment, aerial delivery, and
food service systems

Research Is conducted on human factors and problems of applied experi-
mental psychology to secure data and determine sound human engineering prin-
ciples for use in developing Army material to effect compatibility among the
soldier, his environment and his operational tasks. In addition, human engi-
neering research, evaluations, assistance, guidance, and compatibility studies
are furnlshcd as needed in suppvrt oi aALI types of equipment under development
by NLABS. Clothing, armor, and personal equipment are included, along with
airdrop equipment, tentage and air-supported shelters, containers for food and
other items, food service equipment, field service equipment, and certain types
of general equipment.

Conduct human engineering and T. Nichols 1959
applied research studies of the
headgear, including helmet acoustics,
weight, encumbrance, and other
factors affecting performance.

Human engineering research is conducted to obtain guidance information for
improvement of protective headgear, particularly for combat vehicle crewmen
and aviators.

Design criteria for fitting and R. M. White 1946
sizing clothing and personal equip-
ment. (Clothing and Personal Life
Support Equipment Laboratory).

Anthropometric surveys are conducted to provide body-sized data on U. S.
and foreign military populations. The resulting anthropometric data are pro-
cessed, analyzed, synthesized, and evaluated as a basis for the development and
improvement of size systems and tariffs for military clothing and individual
equipment. Anthropometric data are utilized in the effective human engineering
of military equipment and materiel. New anthropometric surveys of the U. S.
Armed Forces were carried out in 1965-67 at the request of the Defense Supply
Agency. A new anthropometric survey of U. S. Army aviators was conducted
in 1970 to provide up-to-date body size information on aircrewmen, applicable
to both human factors engineering and the design of life-support equipment.
Anthropometric research is conducted to provide sizing and design criteria for
helmets, body armor, and handwear.

274



Studies to determine attitudes and H. L. Meiselman 1964
preferences of soldiers toward QM D. W. Bloomquist
food items. H. L. Jacobs

L. M. Bartoshulc

Studies are conducted to determine the soldier's attitude and preference
toward QM material, particularly food items. Current emphasis is placed on
both a program of taste panel evaluation of food items under development and/or
procurement and food preference surveys of Army personnel.

Conduct validation studies of ac- L. M. Bartoshuk 1966
ceptance data and development of H. L. Meiselman
new measuring devices. H. L. Jacobs

H. R. Moskowitz

This task is a long-term applied research program evaluating food accep-
tance techniques, sampling procedures, and subject population.

2. Basic Research in Human Capabilities

The supporting research program is directly related to the long-range
problems of the Food Acceptance Laboratory, and also designed for inter-dis-
ciplinary collaboration with common problems of other NLABS laboratories,
including Nutrition, Food Chemistry, the Experimental Kitchen and Food Irradia-
tion in the Food Laboratory, and Analytical Chemistry, Insecticides and Rodenti-
cides, and Entomology in the Pioneering Research Laboratory.

Dte

Title Investigator Started

Investigate mechanisms of taste L. M. Bartoehuk 1969
flavor, and food discrimination as H. R. Moskowitz
a basis for food acceptance. H. L. Meiselman

Studies are conducted in the basic mechanisms of the chemical senses to
understand sensory acuity, and the perception of complex mixtures and flavors
in man in direct support of NLABS in-house exploratory development work units
in Food Acceptance Methodology and appetite control in the DoD Food RDTE
program.

275



Studies of the regulatory mechansms H. L. Jacobs 196
in hunger and appetite, including food P L. Gentile
and water intake, as a basis for food C. L. Nixon
acceptance.

Research on appetite regulation is conducted on man under controlled
laboratory conditions, and on animals where humans cannot be used and data
and explanations derived from the comparisons are used in direct support of
NLABS in-house exploratory development work units in Food Acceptance Method-
ology and Appetite Control in the DoD Food RDTE program.

3. In-House Laboratory Independent Research
Date

Title Investigator Started

Development of a technique for T. L. Nichols 1968
establishing performance decrement
to ultimately protect the individualagainst impulsive noise.

An experimental technique is being developed to differentiate between
normal hearing, and abnormal hearing produced by exposure to intense noise.
The technique is based on averaged evoked potentials (EEG), obtained for
pedestal plus increment stimulation, and shows promise for clinical and experi-
mental applications.

1
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2A(6). U.S. ARMY MATERIEL COMMAND
NAVAL TRAINING DEVICE CENTER

Orlando, Florida 32813

CURRENT WORK PROGRAM

Six major work programs are now being carried out in the Human Factors
Laboratory. Current projects in each of these areas are described below:

(1) Human Factors Guidelines for Design of Training Devices
Date

Title Investigator Started

Design Factors in Environmental Grumman Aircraft FY68
Simulation-Phase 3 Engineering Corp.

The objectives of this project are to determine role of motion cuing in
pilot performance in a flight simulator and to evaluate differential roles of
motion cuing and simulator fidelity. Matched groups of pilots will be trained
and tested on a flight simulator involving various levels of motion simulation.
This phase will deal with transfer of training effects of the simulator and will
include a wider range of pilots in terms of skill and experience than was used in
the previous phases.

Human Factors in Training Dunlap & Associates FY68
Equipment Design

This project is a three-year effort, the objectives of which are to identify
and describe significant human factors problem areas in the design of training
systems, develop a logical scheme for assigning priorities for human factors
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design effort, and study techniques for translating psychological human factors
research into design criteria applicable for training devices. Two selected
training systems will be analyzed with regard to simulator fidelity, instructor
workload, appropriateness of strategy for training, and the role of selected
training factors. Data is also being collected on methods for translating existing
psychological research into human factors design criteria for training devices
and systems.

Perceptually Similar Visual Martin-Marietta FY68
Environment for Naval Training

The objective of this project is to determine specific television parameters
necessary to produce an accurate visual simulation environment commensurate
with the resolution capability of the unaided human eye for use in air-to-ground
search and detection tasks. Comparison tests will be conducted to measure
resolution and target recognition thresholds of human subjects using a high
resolution TV system and the unaided human eye. Comparisons of subjects'
performance will be made to determine the effectiveness of the TV system image
and how it must be augmented to approximate the functions of the human eye.
Pilot studies will be undertaken to devise an acceptable approach to the measure-
ment of TV simulation performance under dynamic conditions.

Visual, Aural and linesthetIc Life Sciences FY69
Cues

The objective of this project is to determine the effects of visual, aural
and kinesthetic cues singly and in combination as an alerting mechanism in
recognizing and effecting control responses in flight simulators. Multi-sensory
cues in piloting performance will be analyzed, testable hypotheses with respect
to effects of cues will be generated, and experimental designs for these tests
will be developed. Experimentation will be conducted based on the results of
the analysis and experimental designs.

Relative Effectiveness of Two- Martin-Marietta FY70
and Three-Dimensional Image
Storage Media for Training Applications

The objective of this pi'oject is to investigate the relationships between two-
dimensional and three-dimensional image storage media and the cues that govern
the perception of apparent depth on a two-dimensional dynamic display. The
task will be accomplished in three steps, (1) acquisition of relevant imagery
consisting of various military targets and terrains represented both two- and
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three-dimensionally, (2) preparation of appropriate stimulus materials for use
in a behavioral analysis, and (3) a behavioral study of the factors influencing
the illusion of apparent depth which can be derived from a two-dimensional
display.

Development Behavioral Bolt Beranek & FY70
Sciences Program Language Newman

The objective of this project is to specify the design criteria and implemen-
tation plan for a behavioral sciences program language to be used in training
effectiveness studies in a high-performance aircraft weapon system simulation.
The broad spectrum of psychological studies that will be conducted in the simu-
lator will be analyzed and a program language which will enable the psycholo-
gist-experimenter to communicate in a natural and efficient manner with the
digital computer system he controls, will be designed.

Performance Measures for Manned Systems FY70
High-Performance Naval Sciences
Aircraft Systems

The objective of this project is to specify quantitative criterion and trainee
performance measures to be used in experimental studies on a high-performance
aircraft weapon system simulator used in an automated adaptive mode. A sy-
stematic study will be conducted to determine (1) what criterion measures should
be used in the light of the training goals to be achieved and of the operational
missions to be performed by the system, and (2) what trainee measures are to
be taken through all stages of the learning process so that automated adaptive
techniques may be used in the training program. A preliminary study of the
reliability and validity of the selected measures will also be carried out.

Automated Auxiliary Naval LTV Aerospace FY70
Air Weapon System Trainer Corp.

The objective of this project is to specify the design criteria for a series
of auxiliary training devices for use as adjuncts to training in a Naval high-
performance aircraft weapon system simulator in order to optimize training
return for a minimum expenditure of simulator training time. A systematic
study will be made to identify those portions of the total job performed by the
weapon system crew which can be trained by auxiliary devices prior to or in
conjunction with system simulator training; to identify functions of the auxiliary
devices which may be effectively automated; and to delineate design criteria
for these auxiliary devices.
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Automated Operator Instruction Undetermined FY70
in Team Tactics

The objective of this project is to determine by means of analysis the
extent to which tasks performed by operators in the team tactical training situa-
tion are generalizable across specific operational systems, and to determine
the applicability of adaptive automated instruction technology to the development
of consoles for training operators at various echelons present in team tactical
training devices. Results of the analysis will provide definition of training goals
and criterion measures, delineation of operators' skills and knowledge and
commonalities which occur in the various training systems, identification of ap-
plicable advanced training technologies, and definition of the instructors' role
in monitoring and evaluating performance.

Wide Angle Cinematic Anacapa Sciences FY70
Techniques

The objective of this project is to derive a detailed technical plan for ap-
plying wide angle cinematic simulation techniques to the operational problem of
training Navy pilots in the specialized visual skills involved in low altitude navi-
gation and target acquisition. A comprehensive analysis will be made of the
training objectives that could be met by the application of cinematic techniques
to all phases of low altitude flight training. A parallel analysis will be made of
the training tasks which are amenable to cinematic training. The feasibility
of utilizing cinematic techniques to achieve specific training objectives will then
be assessed on a cost/effectivenss basis by a matrix comparison of potential
training objectives arrayed according to priority considerations with potential
training tasks arrayed according to costs. A complete set of supporting ma-
terials and training procedures will be developed and demonstrated for at least
one selected training task.

(2) Methods for Analyses of Military Systems and Training Situations
Date

Title Investigator Started

NATOPS - Technical Manual Biotechnology, Inc. FY69
Analysis and Evaluation

The objective of this study is to analyze and evaluate the effectiveness of
technical manuals used by avionics personnel engaged in maintenance leading
to a definition of problems and recommendations for remedial action. Exami-
nation and evaluation of current technical manuals will be conducted together
with analysis of information requirements, use conditions, and appropriate
means of presentation.
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Parameters, Basic Submarine General Dynamics FY69
Attack Simulation Corp.

The objective of this task is to determine the training requirements for
training submarine officers in basic tactical and fire control skills. The be-
havioral skills which can best be taught by the use of trainers will be identified.
The analysis will result in more effective and efficient individual and team
training for beginning submarine officers. A human factors investigation and
determination of the skills and Inowledge involved in the solution of submarine
fire control problems will be made. This task analysis will yield information
which will be used as a basis for determining desired training devices. In ad-
dition, provisional military characteristics and engineering design data for
recommended training devices will be provided as a product of the human factors
analysis.

Feasibility of Undersea ki, Associates FY69
Salvage Simulation

The objectives of this task are to analyze and define training situations for
personnel operating the large object salvage system, to specify training pro-
blems on an individual operator and crew basis, and to recommend solutions to
the problems. All the tasks involved in the operation of the large object salvage
system will be analyzed, present and future problems in training personnel to
perform these tasks will be described and solutions to the problems will be de-
lineated, including the use and design characteristics of the training devices and
simulators.

Advanced Submarine Casualty General Dynamics FY69
Control Simulation Corp.

The objectives of this task are to define decision-making and procedural
techniques for effective emergency ship control for submarine casualty situa-
tions, and to derive training system characteristics for use in casualty control
training for the various classes of nuclear powered attack submarines and fleet
ballistic missile submarines. An extensive task analysis of emergency ship
control procedures and problems will be conducted. Based on this analysis,
recommendations regarding the technical feasibility of providing interchangeable
control display devices specific to given classes of nuclear submarines for use
in a general purpose, selectively adaptable, multi-class submarine casualty
control trainer will be made.
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Land Combat Training Litton Systems FY69

The objective of this project is to analyze Marine land combat training and
to recommend appropriate training devices and their usage. Through the use
of techniques such as survey, observation, questionnaire, a-ad training situation
analyses, data will be collected with respect to land combat tactics and training
in order to define training device concepts.

Generalized Military Operator Undetermined FY70
and Maintenance Training

The objective of this project is to identify by means of analysis of task
and equipment commonalities, areas of military training which can be supported
by generalized training devices primarily in the area of maintenance training
but wit' 4econdary emphasis on operator training. Based upon analysis of tasks
and hardware requirements design characteristics of generalized trainers will
be derived. This task should result in improved methodology for the identifi-
cation of training areas which can feasibly be supported by generalized training
devices and for determining effective device design.

(3) The Evaluation of the Use and Effectiveness of Training Devices
Date

Title Investigator Started

Experimental Training-Simulation Singer- General FY69
System for Navy Training Precision, Inc.

The objective of this project is to identify the resources and methods basic
to the development of an experimental training-simulation system applicable to
a broad range of Naval training situations. The purpose of this system is to
investigate the fea sibility of specific training techniques and hardware configura-
tions to meet training objectives, and to perform experimentation on the human
factors aspects of training systems. It will also provide means for evaluating
alternate design solutions from a cost effectiveness standpoint, and provide a
test bed for the development of methods for use in field evaluations of existing
and planned training systems. Initially, the study identified problem areas
requiring experimental definition in current and future training systems, and
defined them in terms of facility performance requirements. In addition, the
study is directed at developing functional specifications for hardware to permit
the simulation of training concepts which are to be investigated, and to provide
for the efficient collection of experimental data.
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Quantification of Naval American Institutes FY69
Training Tasks for Research

The objective of this project is to develop quantitative indices of the
characteristics of the instructor's and trainee's tasks so that the effectiveness
of a given amount and type of training of military personnel on a given task can
be predicted. The results of this research will lead to greater accuracy in es-
tablishing the human performance requirements in a training system utilizing
training devices, greater accuracy in human factors design recommendations,
improved instructor station design, and improved prediction of the effectiveness
of a given amount and type of training on a given task. A set of indices will be
developed in terms of which trainee and instructor tasks can be described
quantitatively and systematically. Experiments will be conducted to establish
how the rate and degree of learning is affected by tasks which contain various
amounts of the task characteristics.

Training Effectiveness Evaluation Bunker-Ramo Corp. FY69
of Naval Training Devices

The objectives of this study include the development of an evaluation
methodology which can be applied selectively by instructional personnel. One
performance goal is to indicate design principles which will make trainers more
effective teaching devices; another is to devise methods to determine the amount
of trainer time which can be substituted for training time on the operational
equipment. The accomplishment of these goals will provide more efficient
trainers and training methods, thus producing better trained men at less cost.
Field evaluations of training devices will be conducted to determine if the
trainers meet the user's needs, and to provide guidance for improvement in the
use of trainers in particular training situations. The characteristics of the
trainers which are most effective in securing improvement in performance will
be analyzed.

Trainin Device Acceptability Undetermined FY70

The objective of this project is to identify the factors which lead to ac-
ceptance of training devices by their users and to determine the extent to
which those factors are present in training devices which are designated as
"effective" or "ineffective." A survey of users of a variety of training devices
will be made to determine their attitudes toward the training devices. An
analysis will be made to determine the relationships among acceptance of train-
ing devices, judged effectiveness, design, and utilization.
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Training System Use and Dunlap & Associates FY66
Effectiveness Evaluation

The objective of this project is to develop evaluative criteria for evalua-
tion of training device cost/effectiveness and preparation of evaluation guide
handbook. The project is organized into three phases: (1) a comprehensive re-
view of existing training devices and relevant materials, (2) a field evaluation
during which evaluation of training devices at actual field settings is conducted,
and (3) handbook preparation. Recommendations will provide inputs to training
device requirements and to technical development plans.

Advanced Generalized Sonar Human Factors Re- FY69
Maintenance Trainer search, Inc.

The objective of this project is to investigate the potential for generalized
training in maintenance, calibration, and fault-finding for advanced sonar
equipment. Development of knowledge of functional units rather than specific
equipment items will be emphasized, and commonality of maintenance activi-
ties, state-of-the-art circuitry, and latest processing techniques will be demon-
strated. General maintenance requirements common to certain sonar equipment
will be determined and detailed specifications for the development of an advanced
sonar unit as an adjunct to the Generalized Sonar Maintenance Trainer will be
prepared.

Training Device Employment Dunlap & Associates FY70
M.&;erials

The objective of this project is to analyze i iaterials associated with train-
ing devices to determine answers to such questions as: (a) which devices have
materials such as a syllabus, course outline, lesson plans and problem scripts;
(b) apparent thoroughness of the above; (c) evidence of tie-in to the trainer; (d)
similarities and differences among similar 'types" of trainers, especially the
same trainers in different locations; (e) adequacy of the materials for effective
training; and () the function of such variables as type, location and age of
trainers on the characteristics and use of the materials. The materials will be
collected, catalogued, and analyzed to determine their characteristics and how
they are used. Data will be cross-tabulated according to various combinations
of variables.
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Naval Pilot Training North American FY70

Systems Design Rockwell Corp.

The objective of this project is to obtain information which will support

the Naval Air Training Command undergraduate pilot training program as an

integrated system, with particular emphasis on the following: (a) req'tlrements

for training devices, training aide and training aircraft; (b) application of state-

of-the-art educational technology to equipment and techniques employed in the

syllabus; and (c) establishment of the role and criteria for the use of simplified

trainers which will increase validity while increasing cost effectiveness. Train-

ing equipments and materials associated with their employment will be evaluated

to determine their effectiv rE 3s in teaching pilot skills. Empirically-based

measures of training effectiveness will b3 obtained.

Training Effectiveness Evaluation Ryan FY69

Aircraft Carrier Landing Trainer

The objective of this project is to assess and evaluate the training effective-

ness of the Aircraft Carrier Landing Trainer, with particular emphasis on the

costs involved in this kind of training. One goal is to determine if trainiag using

the trainer will substitute for field landing practice and improve the pilot's

initial performance during actual carrier landings. Matched groups of pilot

trainees will be trained, one in the conventional manner and the others receiving

varying amounts of training on the trainer. The performance of all groups will

be compared to evaluate the transfer of training effects.

Training Effectiveness Evaluation Micheli FY69

of Naval Training Devices

The objectives of this project are to establish the training effectiveness

of certain major training devices, determine the degree anC rate of learning

when using the trainer, establish the cost benefits of using the trainer, and

establish guidelines for effective utilization of the trainer. There will be four

levels of evaluation, namely (a) descriptive analysis, (b) non-comparative

measurement, (c) comparative measurement, and (d) transfer of training test.

All of these will be examined in field settings of on-going training taking place

in training devices.

(4) Machine Controlled Adaptive Training~Date

Title Investigator Started

Adaptive Training in Naval Lauber FY69

Training Devices
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This project is concerned with the investigation of techniques and para-
meters involved in adaptive training of human controllers of man-machine
systems. Training functions to be studied include motor skills, perceptual
processes, cognitive processes, etc., as these relate to performance in a
variety of tasks. Adaptive training is an appealing method for the training of
human operators, however, there are a number of problems that must first
be resolved. These problems include the adaptive logic, adaptive variables,
error criterion levels, number and magnitude of adaptive steps (task difficulty
levels), and measurement variables and data analysis and comparison techniques.

Computer Based Naval Maintenance Rankin FY68
Training

This is an in-house laboratory investigation of ways to improve trainee
machine interface in a computer based training situation. Findings can be em-
ployed in the design of training devices and in establishing their patters of use.
An excellent course of instruction has been prepared. Three experimental,
trainee-feedback treatment conditions have been developed for the first experi-
mental effort.

Adaptive Training Student/ Florida State FY69
Computer Interface University

The bjective of this project is to investigate the utility of various training
strategies in adaptive training to the individual trainee's needs. Suitable tasks
will be selected and course materials structured to explore the relationship of
the training strategies to training objectives. Additionally, methods of student-
computer interaction will be nvestigated.

Automated Naval Weapon Logicon, Inc. FY69
System Trainin

The objective of this effort is to determine the feasibility of and design
guides for relegating to computer control, routine instructor-operator functions
in weapons system trainers, and through better definition of what the Instructor's
role should be, to ultimately automate all instructor functions not requiring
human judgment or intervention. The end result of such effort will provide for
an upgrading of the Instructor's efficiency In his primary role and will impact
on the training effectiveness of weapons system trainers. Design guides for
automation have been developed and are being implemented and evaluated in the
NTDC TRADEC simulation system.
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Effective Time Constant Life Sciences, FY69
in Design of Naval Training Inc.
7)evices

The objective of this project is to compare three methods of adapting the
difficulty level of the training task as a function of the trainee's measured per-
formance in an aircraft control task. The goal is to provide design criteria
for individualizing training for military vehicular control tasks. The experi-
mental plan is to train subjects under adaptivt training conditions in which the
task difficulty is varied as a function of their skill acquisition and to transfer
the subjects, after training, to a common criterion task which will simulate the
control of a high-speed jet aircraft. The parameters for adaptively varying the
level of difficulty of the training task are the Effective Time Constant (a com-
bined measure of system response and human reaction time), turbulence, and
system quickening.

(5) Learning, Retention, and Transfer
Date

Title Investigator Started

Feedback and Cuing in Sonar University of Hull FY68
Training Tasks

The objective of this project is to develop and evaluate methods of training
personnel in the discrimination of complex auditory signals for purposes of
application to sonar training. Human subjects will be tested for their ability to
discriminate different types of auditory signals, including experimental condi-
tions involving the selective addition or removal of selected components of the
signals.

Maximizing Transfer of Training Honeywell, Inc. FY68
in Military Tasks

The objective of this study is to identify the tasks, methods, and conditions
which affect the relationships among learning, retention, and transfer. The
results should serve as a basis on which to make decisions concerning the de-
sign of training methods and training devices. A series of experiments will be
conducted that will establish parametric relations among measures of learning,
retention, and transfer. The tasks to be used shall be varied systematically in
terms of levels of difficulty and complexity. Selected tasks shall provide the
complexity and difficulty of operational training tasks.
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A System for Classifying Blaiwes FY68
Military Training Tasks

The objective of this project is to produce a workable system for de-
fining operational tasks in behavioral terms. The purpose of the system are
twofold: (1) to facilitate the translation and implementation of research data in
the design and use of military training systems, and (2) to identify areas of train-
ing research with high potential payoff in terms of training efficiency. A taxo-
nomic system for tasks will be developed and military tasks will be analyzed
using this taxonomy in order to evaluate its utility.

Sub-task Practice in Naval Micheli FY69
Training Devices

A complex skill for which training is desired can be analyzed into sub-
tasks which differ in difficulty. It is a reasonable hypothesis that differential
treatment of specified components of a complex skill will yield differential
amounts of transfer to the total task. The implications of such results could
very well be that a systematic rearrangement of sub-task practice or differential
amounts of practice on specified sub-tasks of a complex skill produce greater
transfer to complex skills than does a "natural" arrangement. The purpose of
this project is to explore, experimentally, the conditions under which differen-
tial treatment of specified sub-tasks of a complex skill may result in more ef-
ficient transfer to the final task. This project seeks to find better ways to train
helicopter pilots. Tests will be made using a complex perceptual motor task
representing the actual helicopter flight task.

Motivation in Training Thomas FY69

The objective of this study is to evaluate the usefulness of employing
competition as a means of motivating trainees by determining the relationship
between levels of task difficulty and differential incentive methods. Research
review will be conducted. Experimentation will be conducted to ascertain the
usefulness of employing competition between trainees as a technique for 1m-
proving trainee performance and skills.

(6) Physiological Factors in Training
Date

Title Investigator Started

Visual Shins in Na. y Aircraft Jordan FY68
Targeting and Low Level Flights
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The objective of this program is to investigate the utility of eye movement
patterns in training situations by determining the relationship of eye movements
to performance and the extent to which eye movement patterns can be trained.
The goal is to determine the appropriate training techniques for improving eye
movement patterns which have the greatest positive transfer to visually loaded
operational tasks such as targeting and low level flight for Naval aircraft mis-
sions. The effect of visual training on the performanoe of complex visual motor
tasks is being investigated in a two-phase design. The first stage involves the
development of effective training techniques and the second is concerned with
the applicability of these methods to enhancing the job performance of the
trainee.

Levels of Alertness and Jordan FY68
Military Proficiency

The objective of this program is to train operators to increase their level
of self awareness of their body condition, and thus be able to adjust the level of
work to better fit their capacity to work at any given time. This has particular
relevance for military tasks involving extended duty cycles. Trainees will be
provided with accurate quantitative data on the state of their bodies, e.g.,
fatigue, level of alertness, etc., so that they may take appropriate action to
improve their level of performance.
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2B. U.S. ARMY MEDICAL RESEARCH AND
DEVELOPMENT COMMAND

OFFICE OF THE SURGEON GENERAL

Washington, D.C. 20314

SELECTED ASPECTS OF CURRENT WORK PROGRAM

1. Although the US Army Medical Research and Development Command does
not have a primary "human factors" mission as such, virtually all of the
Medical Research and Development program bears directly on problems of
human effectiveness and, hence, in the broadest sense, may be thought of
as human-factors-related. Fiscal support for this research program is
provided by the Life Sciences Division of the US Army Research Office.

2. AR 705-5 gives the Surgeon General sole responsibility for con-
duct ing research and development within the area of "psychophysiological
aspects of sensation, perception, and motor coordination." The major part
of this work is conducted at the Psychology Division, US Army Research
Laboratory, Fort Knox, Ky. Selected aspects of this research program are

as follows:
DATE CURRENT

WORK UNIT INVES1IGATORS STARTED STATUS

a. Psychophysiology of Behar, I., Ph. D. July 63 Continuing
Vision Lewis, G. W., CPT, MSC

Schjelderup, J.
Dryer, F. N., Ph. D.

Harker, G. S., Ph. D.

To develop knowledge concerning the mechanisms-of binocular and
=teieoscopic visual function in the soldier as it relates to military
visual tasks. This involves a study of neurophysiological processes in-
volved in military visual task, the problem of visual resolution and
visual suppression in the presence of double vision induced by instrument
misalignment and disorders of ocular muscle balance.

b. Biomechanical As- Lloyd, A. J., CPT, MSC Jun 56 Continuing
pects of Performance Herbert, M. J., Ph. D.

Galdwell, L. S., Ph. D.
Harker, G. S., Ph. D.
Schjelderup, J.
Leibrecht, B.C., CPT, MSC
Baron, H. L., CPT, MSC
McClaskey, E. B.
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This research is concerned with factors that affect a soldier's

ability to perform useful work and complex tasks to provide a basis for
determining performance efficiency over P tended periods. Areas consider-

ed are: skill degradation due to exte'., performance and overload stress;
basis abilities in common complex tasks and their differential rates of

acquisition and fatigue; acquisition of control over single motor units;
and assessment of electromyography as an index of effort in extended
performance.

c. Auditory Perception Cronholm, J.N., Ph. D. Jan 55 Continuing
and Psychophysics Mosko, J.D., Ph. D.

Schjelderup, J.

To identify and assess those factors which enhance or degrade the
soldier's ability to attend, perceive, and respond to simple and complex
auditory signals in the presence of various masking sounds. To assess and
improve the predictive value of certain models of the processess involved
in the communication of auditory information and to use these models to
predict auditory performance in military tasks.

d. Traumatic Origins Patterson, J.H., CPT, MSC Jan 55 Continuing
of Hearing Loss Luz, G.A., CPT, MSC

Mosko, J.D., Ph. D.
Schjelderup, J.

To provide information that may allow a more precise screening of
noise-susceptible individuals at the time of their induction; to evaluate
devices and techniques for the protection of Army personnel during normal
military operations. Information in this area will also contribute to the
development of better hearing protective devices for the soldier.

e. Psychophysics of Harker, G.S., Ph. D. Mar 56 Continuing
Visual Perception Behar, I., Ph. D.

Dyer, F.N., Ph. D.
Schjelderup, J.

To define the visual mechanisms underlying target detection and
identification under conditions including those in which visual capability
is severely reduced. To study individual difference in visual skills and
selection criteria for superior visual (especially night vision) perfor-
mance. To study vision in monkeys as an experimental model most closely
applicable to man for assessing potentially hazardous conditions. Research
in this area will be of inestimable value in the enhancement of the
soldier's inherent visual capability during night military operations and
may provide a sound basis for developing selection criteria in those
soldiers with superior night vision performance.
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f. Physical Decrement Caldwell, L.S., Ph. D. July 68 Continuing
and Enhancement Schjelderup, J.

Shiflett, S.C., CFT, MSC

Study alterations in the work limits of the skeletal muscle system due
to fatigue, stress, social facilitation, learning and practice in static
and dynamic tasks and develop reliable tests to assess the degree of
performance impairment due to muscle damage, neuromuscular disorders, etc.
and to measure reaponse to treatment. Knowledge in this area will permit a
more accurate assessment of the soldier's ability to perform effectively
in combat and in the development and applications of special skills in
various work situations.

3. The mission of the US Army Aeromedical Research Laboratory is to
conduct studies on current and anticipated medical research problems of
fundamental or immediate nature relevant to Army aviation and airborne
operations. To provide consultative service to other elements of the Army
as appropriate. Maintains liaison with Army, Navy, Air Force, Federal
Aviation Administration and other federal and civilian institutions, both
domestic and foreign which are concerned with, or have an interest in
aviation. Current USAARL work program includes the following programs of
human factors interest:

a. Direct Field Knapp, S.C., LTC, MC July 62 Continuing
Research Support Jordon, J.E., MAJ, MC
to Immediate Army
Aeromedical Problems

The purpose of research in this area is to provide medical information
applicable to immediate field aeromedical problems found in Army Aviation.
Studies on airborne fire suppression systems, litter design requirements,
toxicants in Army aircraft cockpits and other pertinent areas are continu-
ing.

b. Applied Medical Littell, D.C., LTC, MC June 64 Continuing
Research Blackstone, E.H., CPT, MC

Schane, W.P., LTC, MC

Kasvinsky, P., CPT, MSC

The purpose of this work unit is to investigate variables which affect
the health of the Army aviator. This unit includes studies on medical,
physiological and human factors in long range, large scale aerial troop
deployments; biochemical measures of stress and/or fatigue; effect of
stress and/or fatigue on visual-motor performance; interactions of
helicopter down wash and man.

c. Research on Visual Bailey, R.W., COL, MSC May 64 Continuing
Problems Medically Crosley, J.K., MAJ, MSC
Significant to McLean, W., CPT, MSC
Army Aviation
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The purpose of this work unit is to provide information about the
visual sensory modality which has medical importance for U.S. Army
Aviation. Studies in this area include: visual effects of painted rotor
blades; illuminated warning, caution and advisory systems; visual distor-
tions of helmet visors, canopies, and doors, flcrine coated ophthalmic
lenses; multifocal ophthalmic lenses.

d. Research on Camp, R.T., Jr. July 1969 Continuing
Psychoacoustical
Problems Medically
Significant to Army

Aviation

The purpose of this unit is to provide information about sound which
has medical import to U.S. Army Aviation. Research in this area has a
twofold purpose. The first is to identify generators or sources, and to
provide a physical description of the critical sound stimuli found in Army
aviation. The second purpose is to study the effects of these sounds on
the human receivers.

e. Research Psychology Hofmann, M., CPT, MSC Feb 65 Continuing
Applied to Medically Martin, A.S., CPT, MSC
Significant Problem
in Army Aviation

The purpose of this unit is to provide information about the human
factor in the aircraft man-machine system, with special emphasis on the
performance of this human factor and the variables that influence it.
Studies in this area include: aviator attitudes; the effects of INH and
pilot performance; user information about instrument panels; time
prediction and motion; photic flicker in helicopter's; and, the effect of
fatigue on visual search activity.

f. Research of Bio- Knapp, S.C., LTC, MC Dec 66 Continuing
engineering Problems Landfield, B.S., CPT, MC
Medically Significant Schrunk, D.G., CPT, MC
to Army Aviation

The purpose of this work unit is to provide data derived from bio-
engineering research which is medically pertinent to Army aviation. Stud-
ies in this area include; crash injury economics; physiological responses
to impact acceleration; operational requirements and human responses to
parachuting at high altitudes, and escape systems in rotary wing craft.

g. Color Vision Bailey, R.W., COL, MSC May 64 Continuing

The purpose of this study is to investigate the just noticeable diff-
erence in hue as a function of wavelength when presented with constant
luminosity stimuli generated by a tri-stimulus colorimeter.

h. Operational Measures Hofmann, M., CPT, MSC July 69 Continuing
of Inflight Performance
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The purpose of this work is to develop and construct an in-flight
monitoring system capable of quantifying both pilot and total system
performance. This system will then be used to evaluate the effects of
certain variables upon pilot performance.

i. Safety Design in Schrunk, D.G., CMT, MC May 69 Continuing
Training Helicopters

The purpose of this work unit is to investigate the need for a
training helicopter designed for & safety standpoint, and to evaluate
present and proposed safety design concepts in light helicopters.

4. Other USAMRDC research programs of especial human factors interest
are accomplished at the U.S. Army Research Institute of Environmental Med-
icine, Natick, Pass. The research program of USARIEM is an integrated
multidisciplinary approach to the problem the Army faces in conducting
operations in the heat, cold, high humidity, wind and at high altitude
with soldiers working over a wide range of expended effort. Results of the
research have an impact on item, equipmsnt, and vehicle development; on
training and indoctrination procedures, and on health and safety of the
individual soldier. The disciplines typically involved in solving the
military problems include biophysics, biochemistry, physiology, psychology
and clinical medicine.

a. Medical Problems in Doolittle, W.H., LTC July 65 Continuing
Military Artic Sumner, D.S., LTC
Operations

Objective - To identify and quantitate detrimental local and systemic
physiologic changes induced by chold in experimental animals and military
personnel and to generate and evaluate effective methods of treatment of
prevention of these changes.

b. Prediction of the Bio- Goldman, R.F., Ph. D. July 70 New
logical Limits of Breckenridge, J.R., Mr.
Military Performance
as a Function of En-
vironment, Clothing and
Equipment

Objective - Develop mathematical equations and computer programs to
synthesize available information on military task requirements with the
interaction between the man and his clothing, equipment, and environment,
to predict mission performance capability and identify areas where addi-
tional information is necessary,

c. Biomedical Impact Breckenridge, J.R., Mr. Jan 64 Continuing
of Clothing and Goldman, R.F., Ph. D.
Equipment Design
Including the Selection
of Crew Compartment
Env2ronments
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Objective - Investigate heat and moisture exchange in che Man-
Clothing-rvironment system to provide a basis for improving thermal
protection aud reccmmending environments for crew compartments in military
vehicles, and for Increasing soldier effectiveness

d. Biological Processes Therriault, D.G. Ph. D. July 70 New
that Limit Heavy Burlington, R.F., Ph. D.
Physical Work Vogel, J.A., Ph. D.

Objective - The soldier's ability to carry out his mission is often
limited by his capacity to do sustained heavy physical work. The objective
of this research is to identify and charcterize those biological processes
that affect his ability to perform heavy work, thus providing a rational
basis for improving the soldier's performance.

e. Interaction of Francesconi, R.P., Ph. D. July 70 New
Environmental Shsrshow, JC., CPT
Extremes witn E Cahoon, R.L., Ph. D.
tended Operations or
Unusual Activity Rest
Cycle

Objective - The requirement fot transporting troops abruptly to
desert, Jungle, arctic, or mountain areas requires that these troops ad-
just simultaneously to not only the adverse climate but also altered
activity-rest cycles or periods of sustained sleep loss. Such troops will
be expected to function efficiently upon arrival with little time for
adaptation to environmental and combat conditions. Such combined stressors
can ue expected to limit combat effectiveness. This research will
characterize these human limitations at biochemical, physiological, and
behavioral, levels. Further, we shall study various methods of attenuating
the effects of these limitations on military personnel.

f. Prevention and Treatment Newman, W.R., Ph. D. July 70 New
of 7,.zabilities Associat- Goldman, R.F., Ph. D.
ed with Military Opera-
tions in the Cold

Objective - -easure and describe: the effects of localized and
gener.lized cold exposure in inducing damage or reduced efficiency, the
biological defense which minimize, delay and repair the damage from the
cellular level through the intact organism (soldier, animal, or model)
and hib military performance.

g. Prevention and Treat- rine, n.J., Ph. D. July 70 New
ment of Disabilities Witherspoon, J.M,, CPT

Associated with Mil!-
tary Operat ions in the
Heat
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Objective - The objectives are the identification, prediction and
prevention of heat-induced disabilities which critically impair the
performance of military missions and the development of methods of treat-
ment of casualities due to such conditions as dehydration, heat stroke and
heat exhaustion collapse.

h. Prevention and Treat- Robinson, S.M., Ph. D. July 70 New
ment of Disabilities Kobrick, J.L., Ph. D.
Associated with Mili-
tary Operations at High
Terrestrial Elevation

Objective - Exposure of soldiers to high terrestrial elevation results .

frequently in reduced efficiency as well as disabilities which are
incompatible with the successful completion of military operations. The
purpose of this unit is to investigate methods of prevention and treatment
oZ these performance decrements and disabilities.

i. Biological Processes Cymerman, A., Ph. D. July 70 New
That Limit Military Robinson, S.M., Ph. D.
Performance Under En-
vironmental Stress

Objective - Exposure of military personnel to extremes of environment
imposes limitations on the ability to perform mental and physical tasks.
Determination of the biological processes which are involved in these
limitations will provide a better rationale for the maintenance and/or
improvement of the soldier's performance.

J. Development of Cahoon, R.L., Ph. D. July 70 New
Measures to Assess Dusek, E.R., Ph. D.
the Impact of En-
vironment Stresses
on Critical Military
Performance

Objective - Severely debilitating effects of heat, cold, and high
terrestrial elevation are identifiable by end points of exhaustion, cold
injury, or collapse. However, such exposure can have liFas dramatic but
highly significant effects on the soldier's efficiency and on unit
mission performance, It is the objective of this reseaich to develop
sensitive and appropriate measures of these effects.

k. Development of Cold Klein, A.W., CPT July 70 New
Injury Models and Casey, F.B., CPT
Characterization of
Frostbite, Non-Freezing
Cold Injuries and Whole
Body Heat Loss

Objective -t -ors involved in frostbite and other non-freezing
injuries, as we" nody heat loss in both animals and man, to
provide a ratie'.& -i .r treatment ari prevention of those cold

296



injuries sustained by the military.

1. Development and Charc- Alpert, A., Ph. D. July 70 New

terization of Models Breckenridge, J.R., Mr.
of Heat Injuries and
Disabilities and
other Heat Responses

Objective - Develop characterize models, i.e., experimental equivalents
or analogues, of heat stress and heat induced injuries and abilities in
the soldier.

m. Development and Charac- Gerben, M.J., Ph. D. July 70 New
terization of Models Dusek, E.R., Ph. D.
to Study Acute Mountain
Sickness and High Alti-
tude Pulmonary Edema

Objective - The scope and effectiveness of military operations at
high terrestrial elevations are limited by symptoms and functional
deficits associated with acute mountain sickness (AMS) and high altitude
pulmonary edema (HAPE). The purpose of this work unit is to develop
models, i.e., predictive procedures, for identifying and characterizing
those aspects of Al and HAPE relevant to the success of military opera-
tions.

n. Disease Suscept- Previte, J.J., Ph. D. July 70 New
ibility of Soldiers Casey, F.B., CPT
in Harsh Environment Whitten, B.K., Ph. D.

Objective - Disease causes more combat noneffectiveness than do battle
injuries. There is an Army requirement to study factors which influence
disease susceptibility and to provide prophylactic and/or therapeutic
meascres (Institue of Land Combat/Adance Materials Concept Agency material
data sheet, S/MD-14, dtd May 1969). Fatigue, exposure to temperature
extremes or altitude increase susceptibility to disease and diminish the
efficacy of therapeutic regimens. The objective of this research is to
predict the extent to which environmental extremes and fatigue influence
Cisease susceptibility and combat effectiveness, to determine which
rcponses are critical in causing altered susceptibility; to establish
prophy'iactic and/or therapeutic regimens which minimize the stressexacer-
bated rymptoms.

o. Fistorical Analysii' Goldman, R.F., Ph. D. July 70 New

Development and Dis- Evans, W.O., LTC
tribution of Military
Environmental Medical
Information
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Objective- Research in military environmental medicine frequently

proceeds in isolation where application of the results to a specific

military problem and dissemination of this information to military users

are often limited. Further, since essentially similar environmental pro-
blems reoccur only to be forgotten in the intervals between the acute need
for such knowledge, better techniques are necessary to retain it. This
work unit will address retention of knowledge on the effects of heat, cold
work, and high terrestrial elevations on military performance, evaluate
present techniques for its dissemination to the military, and conduct
research on improving the communication between the military man with an
environmental problem and the scientist with relevant information.

p. Effects of Multiple Vogel, J.A., Ph. D. July 70 New
Environmental Stresses Whitten, B.K., Ph. D.
on Military Personnel Gleser, M.A., CF

Objective - Natural occurring stresses are often experienced in
combinations, e.g., cold plus altitude, heat plus confinement, etc. but
are almost exclusively investigated as separate entities. Information does
not presently exist as to whether many of these stresses combine in an
additive or synergistic (greater than additive) fashion. This must be
known in order to predict resulting disabilities and reduction of military
performance efficiency. The objectives of this work unit are (1) to examine
multiple stresses important in military operations for their relative

effect on mental and physical performance as compared to that by each
stress alone; (2) to identify the occurrence of additive and potentiative
responses; (3) to explore mechanisms of any synergistic effects and,
thereby, susgest ameliorative measure.

q. Development of a Non- Evans, W.O., LTC July 70 New
Sedating Analgesic Hansen, J.E., COL

Vogel, J.A., Ph. D.

Objective - A formal requirement has been established by the Combat
Developments Comwand for an analgesic compound which will provide adequate
relief from pain without producing sleep, mental confusion, or a depress-
ion of vital bodily function. The objective of this research is to help
in the development of such compound.

r. Factors Limiting Exer- Hartley, L.H., LTC July 70 New
cise at Sea Level and Hogan, R.P., MAJ
High Altitude in
Peruvian Natives

Ob)active - High altitude environments which are potential theaters
of war as known to lead to decreased physical performance and disease.
These effects vary in duration from days to years, however, potential
opponents might be fully acclimatized. Several altitude populations have
the ability to perform at high elevations almost at sea level efficency,
and one such populations is Andean in Peru. It is proposed to study the
mechanism of disability which results from high altitude exposure, and the
measn by which natural acclimatization occures in an effort to determine
ways of speeding acclimatization and normalizing performance at altitude.
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2C. U.S. ARMY BEhAVIOR AND SYSTEMS
RESEARCH LABORATORY

Arlington, Virginia 22209

MISSION AND SCOPE

The Behavior and Systems Research Laboratory, an activity under the
jurisdiction of the Chief of Research and Development, in accordance
with AR 70-8 and CSR 10-56, undertakes research in behavioral science
and operations research in support of the broad areas of personnel manage-
ment, human performance experimentation, and manned systems research.
The research is conducted in and for the Department of the Army to meet
objectives of Army-wide scope and significance and is directed toward
optimal employment of Army personnel in a variety of military settings.

The research effort is RDT&E-funded and is carried out principally
under six Project-level DD 1634's, with additional RDT&E funding pro-
vided for In-House Laboratory Independent Research; for Basic Research,
and for special DOD assignments. The program is organized around four
Research Areas:

Personnel Management Research--Selection includes research on
selection and classification and evaluation of behavior involving demands
upon individuals, teams an systems, on the development of military
selection and classification systems for other cultures. The research
has implications for manpower planning (e.g., impact of EM with low
general aptitude on training and operations), early identification of
individual assets (including officer and combat potential) for maximum
job performance; also, adjustment, motivation and operating relation-
ships with fellow team members, particularly leadership relationships
within the group, team or system.

Personnel Management Research--Manpower Management seeks
direct solutions to problems involving development and implementation
of mathematical manpower models to assist in manpower processing, plan-
ning and policy formulation, and quantitative models and computer aided
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simulation studies relating to human behavior and/or personnel utiliza-
tion. Use is made of operations research to evaluate systems perfor-
mance where the human element is critical.

Human Performance Experimentation involves study of behavioral
functions common to many systems in order to discover general principles
which, when applied operationally, w-11 enhance individual and team r~r-
formance within these systems. Typical outputs are work methods, basis
of issue, work-rest cycles, supervisory techniques, information input
and response output procedures. Those means of improving performance
determined to be successful in the laboratory setting are evaluated with
field research in an operational setting.

Manned Systems Research has as its principal objective the
enhancement of human performance in relation to total systems effective-
ness. It involves experimentation with various configurations of systems
components considering interactions with trade-offs, with the goal not
only of improving human performance but of providing the means of evalu-
ating systems effectiveness as a function of systems factors.

ORGANIZATION

The Director has responsibility for the planning and conduct of the
scientific program, which is carried out by an in-house staff of 64
scientists with in-house and contract support. The scientists are pro-
fessionally trained psychologists, statisticians and mathematicians. A
Deputy Director assists the Director in a staff capacity in each of the
BESRL broad areas--military selection research, manned systems research,
and human performance experimentation. Line authority for execution of
the program extends from the Director to five Divisions, one of which
lends statistical and computer support to the other four in addition to
carrying out its research responsibilities.

A. CURRENT WORK PROGRAM
Vate

Work Unit Investigators Started

Enlisted Manpower Fuchs, E. F. Jul 68
Bayroff, A. G. (Monitor)
Seeley, L. C.
Ross, R. M.
Hahn, C. (American Institutes
for Research)

This work unit includes (1) Development of the Armed Services
Vocational Aptitude Battery (ASVAB) used by all services in a joint
recruiting program in high schools. Current effort involves new forms
of the ASVAB. (2) Investigation of disguised aptitude tests to detect
deliberate test failure. (3) Study of the feasibility of short limited
range tests for go no-go screening and prograsmmed testing (e.g., branching
tests) including the use of testing macl'Ines.
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Date
Work Unit Investigators Started

Diffe-ential Classification Fuchs, E. F. Jul 68
Maier, M. H.
Williamson, R. L.
Frankfeldt, E.

A new Army Classification Battery (ACB) has been developed, which
includes measures of general mental ability (e.g., arithmetic reasoning),
specialized academic knowledge (e.g., science), specialized nonacademic
knowledge (e.g., automotive information), and vocational interests.
Usefulness of the AC3 was studied in over 100 training courses. Questions
that need to be answered are impact of different kinds of score scales
to use (standardizing individual tests vs standardizing aptitude areas)
and the impact of the new ACB on men at the extreme of the input popula-
tion (New Standards men and college graduates). The entire process of
classifying, training, and utilizing the men will be studied in selected
MOS to determine the consistency of requirements and performance among
the various steps in the process. Analysis of the interaction between
job environment and classification tests will continue.

Unit Performance Fuchs, E. F. Oct 65
Bolin, S. F. (Monitor)
Kristiansen, D. M.
Houston, T. J.
Dunlap, J. W., Jr. (Dunlap
and Assoc.)

To study the impact of enlisted screening standards on unit per-
formance. Find out how low enlisted mental standards may be set while
maintaining acceptable levels of unit performance in terms of what
balance of mental ability levels is needed for units to be effective.
Current research points to a new approach focusing on the interaction
of manpower quality and leadership. Rifle squads with differing per-
centages of low ability men were compared. Squad performance was
related to squad leader ability as expected; moreover, relative squad
performance was unexpectedly resistant to manpower turnover and varying
field conditions over time. In FY 1970, mechanized rifle squads and
motor maintenance sections in STRAF units were studied. The consequences
of disciplinary problems on manpower availability may be illustrated.
Longitudinal field analysis of battalions in intensive readiness train-
ing will be planned.

Primary Officer Leadership Helme, W. H. Aug 70
Castelnovo, A. E.

Measures of information and orientation will be standardized and
integrated into the cadet training programs. Evaluation methods will be
developed for summer camp and other cadet and junior officer training
situations, including techniques such as videotape recordings of per-
formance. The dimensions of leadership which can be evaluated in the
school setting will be determined to serve as a basis for the development
of measures of leadership aptitude.
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Date
Work Unit Investigators Started

Officer Career Helme, W. H. Aug 70
Willem.n, L. P. (Monitor)

Sait, E. M.
Smith, K. (Utah State U.)

(1) Develop measures of differential potential for effective perform-
ance in field command and technical leadership, for application in officer
selection, classification, and guidance, (2) improve techniques for per-
formance evaluation, for use in early and mid-career personnel management
decisions, and (3) measure factors related to career orientation and
motivation, for use in continuing career management and guidance.

Officer Systems Helme, W. H. Oct 68
Medland, F. F.
Orleans, I. D.
Yates, Louise D.

Career decision points and major aspects of officer leader develop-
ment in different branches have been identified. Analysis of critical
factors in promotion to colonel has been initiated. Ratings from first
tour to early field grade have been collected. Members of a large
sample of officer input of 1965-66, whose first tour performance in
Vietnam and Europe was evaluated under the Cadet Leaders Work Unit,
will be followed up to higher levels of leadership responsibility.
Investigations will be conducted to determine reliability, usefulness,
and feasibility of rating techniques and personnel records analysis for
given personnel decisions. Techniques to be explored include peer
ratings, group vs. individual ratings, ratings from descriptive content,
and intra-individual ratings of differential potential.

SIMPO II Johnson, C. D. Jul 69
Olson, Pa'line T.
FLr e, Laverne K.

Develops new approaches and techniques for use in computerized
models of manpower/personnel systems which may be used by management in
evaluation of alternative policies. (2) Determines the effectiveness
and efficiency of these approaches. (3) Applies the new approaches and
techniques to models developed in SIMPO I to extend their usefulness as
OR tools. (4) Develops new SIMPO II models capable of solving addi-
tional kinds of manpower/personnel manag-ment problems.
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Date
Work Unit Investigators Started

Enlisted Career Systems Johnson, C. D. Aug 70
Research Haynam, K. W.

Data on the relationship among experimental aptitude measures and
performance criteria will be combined with data from operational pro-
grams, and used in a combination of basic entity simulation models. The
simulations required to meet the objectives of this work unit emphasize
personnel actions and decisions that are determined by aptitude, achieve-
ment, or experiential characterivtics of individuals. Effort will begin
with the detailed definition of policies to be evaluated. The effect of
such changes as an all volunteer Army, crossing career field lines, or
the use of alternative reassignment approaches (e.g., batch vs.
cascading approaches, etc.) on average predicted performance will be
studied.

Monitor Performance Hyman, A. Jul 62
Kaplan, M.
Cohen, S. L.
Dean, R. F.
House, Joyce

A survey of over 1500 different Army jobs identified over 100
monitoring type duty positions requiring high operator vigilance for
effective system operation. In a second major class of monitoring jobs
which is becoming important, the operator is required to discriminate
important from very similar but unimportant signals in an active signal
environment, thus involving vigilance and judgment. Current effort is
to identify a.-d analyze variables which affect the ability of an opera-
tor to attend to a display and react appropriately when required.
Variables analyzed include the physical parameters of the signals dis-
played, the work environment, the type of reactions required and the
characteristics of the operator himself. Other efforts include the
analysis of variables affecting the intelligibility of audio signals
and speech, the enhancement of the ability of voice communication
operators and analysts to recognize, extract, and report the essential
elements of information from speech materials, and the study of opera-
tions and information processing techniques utilized by each type of
operator across a variety of equipment.

Night Operations Hyman, A. Jul 67
Sternberg J. J. (Monitor)
Banks, J. H.
Farrell, J. P.

T ki(Manned Systems Sciences)
This work deals with such questions as who should use which night

operations devices, how, under what conditions, and what should be the
basis of issue and mix. A BESRL field experimentation unit has been
established at Ft Ord, California and data collection has been completed
on several phases of a multi-phase research effort in support of SEA
NITEOPS. Research will be conducted on new search techniques and work
methods and procedures and on new devices and sensors as they become
available.
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Work Unit Investigators Started

Controller Performance Hyman, A. Jul 68
Rupe, J. C.
de Haan, H.

Controller performance critical to combat operations in the area of
air defense was selected as the focus of this research. Current systems
were analyzed and critical controller tasks were compared with those
projected for the SAFEGUARD and SAM-D systems. The increased speed and
volume of incoming targets require automation of the new defense systems'
response to most attacks. Controllers must exercise unique human
abilities and judgment to recognize special situations requiring that
they intervene to change normally programmed responses. Such factors as
display-control configurations, operating procedures, controller char-
acteristics, work o',erloads resulting from improper allocation of con-
troller functions, deficiencies in system communications and coordination,
and differences in controller aptitude for specific tasks will be con-
sidered. The major factors identified will then be tested in controlled
laboratory studies and subsequently in field conditions. Current effort
is continuing to (1) i4entify critical aspects of control behavior by
task analysis of human performance at the man-machine interface in a
variety of MOS's where controlled laboratory experimentation offers
promise of achieving significant improvement in overall system per-
formance and (2) study the effects of factors associated with the
signal, the control task, the environment, and the individual simul-
taneously in various combinations in a laboratory situation where
scientific controls can best be maintained.

Response Systems in Human Kaplan, M. (Monitor) Jul 68
Performance (American University)

Internal human response systems, which are generally regarded as
involuntary and detectable only with instruments, have rarely been used
to accomplish useful work in military performance situations. Exploring
the possibility of such deliberate use is the major focus of this effort.
Work is currently in two main problem areas: (1) Relations between
internal responding and overt human performance. (2) Comparison of
perceptual functioning in internal and overt response systems as they
relate both to known motivating and instruction stimuli and to display
signals typically employed in military man-machine systems.
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Work Unit Investigators Started

Command Systems Zeidner, J.(Monitor) Aug 70

Strub, M. H.
Nawrocki, L. M.
Robbins, J. (Bdnker-Ramo Corp)

Basic human factors problems were identified and organized around
five critical information processing operations: screening incoming

data, transforming raw data for input into storage--retrieval devices,
input, assimilation of displayed information, and decision making. An
experimental facility Was developed in which various aspects of tactical
functions (operations, intelligence) could be simulated. Results
delineate human performance capabilities and limitations and have
implications for increasing the efficiency of the information assimilation-
decision process and improved work methods. Objective systems perfor-
mance measures will be developed. Research to be continued will
investigate (1) the effects on performance factors such as: amount,
coding,specificity, and alphanumeric and graphic formats; (2) man-
computer generated probability data decision alternatives, and conse-
quences; (3) problems inherent in preparing and storing information
(screen, transform, input) for subsequent use; and (4) backup systems,
integration of all the components within the systems, and interfacing
of several systems.

Advanced Surveillance Zeidner, J. Aug 70
Systems Birnbaum, A. H. (Monitor)

Cockrell, J. (Systems Dev Corp.)
Lepkowski, R. (Systems Dev Corp.)
Fried, C. (Systems Dev Corp.)
Jeffrey, T. E. (Monitor)

Thomas, J. (Goodyear)
Narva, M. A. (Monitor)
(HRB-Singer)

The need to handle large volumes of imagery of various types (photo,
infra-red and radar) in new tactical interpretation facilities demands
a critical evaluation of the tasks and duties of the interpreter, his
displays, and the total information system. Research should lead to
improvements in screening, interpretation, target location, plotting
and mensuration. Current plans include the following: Advanced image
interpretation facilities will be conceptudlized and mocked-up for
evaluation. An effort will be initiated to evaluate interpreter pro-
ficiency requirements and to develop techniques for proficiency develop-
ment or improvement. Work will be initiated on techniques for remotely-
monitored battlefield surveillance systems. Quick-time infra-red and
photo interpretation techniques will be developed and keys validated.
Manual radar map coordinate location techniques will be validated.
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Work Unit Investigators Started

Intelligence Systems Zeidner, J. Jul 68
Andrews, R. (Monitor)
Root, R.
Samet', M. G.
Nickereon, R. (Bolt, Beranek

and Newman)
Laymon, R. (Systems Dev Corp.)

This work unit will identify automated data handling techniques,
computer aids and procedural and analytic techniques to increase the
efficacy of the analyst in the system. Research will be on analytic
procedures and computer aids for analysis and interpretation of intel-
ligence information. Pattern analysis, correlational techniques,
probability assessment, mobility modeling and deferred decision pro-
cedures will be evaluated. Task and system performance measures and
criteria will be devised and development of a computerized data base
for experimental simulation will be initiated.

Basic Characteristics of Zeidner, J. Jul 69
Image Interpretation Martinek, H. (Monitor)
Performance Measures Bigelow, G. F.

Hilligoss, R. E.
Herrington, B. (No. Amer. NARISCO)
Hammer, J. (Raytheon)

Connors, P. (Systems Tech. Assoc.)
Good, L. (Bunker-Ramo Corp.)

Since the start of FY 65, more than 90 special rolls of film,
varying in image size, quality, scale, and target density, have been
developed into performance measures to meet specific research require-
ments. Present performance measures will be analyzed to determine
image quality, scale, target density, target type, interpretation
duties required, etc. Variables of greatest importance will be used
to select performance measures to be administered to trained image
interpreters.

In-House Laboratory Bayroff, A. G. Aug 70
Independent Research Helme, W. H.

Hyman, A.
Johnson, C. D.
Uhlaner, J. E.

(1) Study of programmed tests, to explore experimentally the
promise of unconventional techniques. (2) Study of leadership styles
and systems. (3) Evaluation of simulation experiments, to provide
better experimental designs and to provide greater certainty in the
interpretation. (4) Instrumentation for a night vision data acquisi-
tion system. (5) Theory of human performance and systems psychology.
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2D. HUMAN RESOURCES RESEARCH OFFICE

Alexandria, Virginia 22314

CURRENT WORK PROGRAM*

The HunmRRO Work Program is concerned with human factorn research in
training, motivation and leadership. Research aimed at solving practical
military problems is carried on by seven research groups: Division No. 1
(System Operations) and Division No. 7 (Social Science) in Alexandria,
Virginia; Division No. 2 at Fort Knox, Kentucky; Division No. 3 at Pres-
idio of Monterey, California; Division No. 4 at Ft. Benning, Georgia;
Division No. 5 at Fort Bliss, Texas; and Division No. 6 (Aviation) at
Fort Rucker, Alabama. Divisions 2, 3, 4, 5, and 6 are co-located with
Headquarters, CONARC, Human Research Units. In addition, a basic research
program is being conducted by several research groups. Each research div-
ision provides Technical Advisory Service to assist the Army in planning
implementation of research results and to meet other Army requests. Ex-

ploratory research aimed at identifying huran factors problems likely to
arise in future military operations are also conducted by the research
divisions.

The Work Units and Work Unit objectives for Fiscal Year 1971, grouped
by Research Areas, are given in the following list. This list also in-
cludes by number and title, Basic Research and Exploratory Research for
Fiscal Year 1971.

*A copy of the approved Work Program for FY 1971 will be available when

published, or. request to the President, Human Resources Research Organi-
zation, 30C No. Washington Street, Alexandria, Virginia 22314
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ReueaLrch Ar-4a 1:
Indivi"ual T' ain1nR and Performance

Date

Work Unit Experimenter(s) Started

AIRSWOUT - Training Requlremonta and Mr. William C. Osborn Jul 70
Concepts for Air Cavalry Training

Objective: To identify tran.ng requIrements and to specify methods and
concepts for triuirg vat-ri,1s to support an aeroscout cbserver and
aeroscout aviator- tiainirg program.

FOLLOWTHPU - Characteristics of !en Dr. Rbert Vineberg Jul 70
Tested in Work Unit UTILITY Who

Remain -n the Army

Objctive: To cetermine, throuah an analysis of HumRRO Work Unit UTILITY
and Army rerords, (1) the performance charactetistics of chose men studied
in UTILITY who have remained tn the Army , and (2) the likelihood of men
of lower mental ability incrf.asing their effectiveness in the job.

MANPROBE - Human Information--Proces- Dr. Francis H. Thomas Jan. 69
sing Requirements in Manned Aerial
Reconnaissance and Surveillance Tasks

Objective: To identify and assess perceptual-c3g.aitive functions associa-
ted with manved aerial reconneissance and survzillance (R&S) tasks impor-
tant to the success of operational R&S missions.

MARKSMAN - Combat Marksmanship Dr. Javes Dees Jul 70

Objective: To identify method3 of Jmprcoving marksmanship training.

MBT - Training Guidelines for the Mr. George G. Boycan Jul 66
US/FRG Main Battle Tank

Objectlve: Tc, outline the training methods and concepts for training
materials that will be required by the personnel responsible for the
development oi programs for operator training and user maintenance train-
ing on the US/FRG Main Batt)e Tank.

NIGHTSIGHTS - Training Techniques for Dr. Harold P. Bishop Jul 65
New Night Vision Devices

Objective; To identify critical human factors problems ir the use of now
night opez ations devices, and to develop effective techniques of training
in the use of the devices.
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Date
Work Unit Experimenter(s) Started

SKYFIRE - Training Methods for Dr. Albert L. Kubala Jun 66
Forward Area Air Defense Weapons

Objective: To determine man's capabilities to perform the operator skills
required by forward area air defense weapons, and to identify effective
training concepth for developing the required skills.

TYPETRAIN - Development of Improved Dr. Joseph S. Ward Jul 70
Army Typing Training Program and
Materials

Objective: To develop an improved Army typing training program, to de-
velop manuals for training instructional personnel in the use of methods
for presenting this program, and to develop training materials.

UTILITY - Study of Men in Lower Mental Dr. Robert Vineberg Nov 66
Categories: Job Performance and the Dr. Elaine N. Taylor
Identification of Potentially Success-
ful and Potentially Unsuccessful Men

Objective: Using selected MSs, to determine how men in Mental Category
IV and men in other mental categories compare both in the performance of
their jobs and in their overall suitability for military service; to
identify characteristics of men in Category IV that are associated with
successful performance on the job; and to determine what background and
other non-intellectual measures might prove useful in screening, classi-
fying, and assigning such men.

Research Area 2:
Unit Training and Performance

ENDURE - Tank Crew Performance During Mr. John D. Engel Jul 65
Periods of Extended Combat Mr. William L. Warnick

Objective: To determine the endurance of troops using combat equipment
with a 48-hour capability, and, as necessary, to establish ways of ex-
tending the endurance of troops so that the effectiveness of the equipment
will not be limited by the user.
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Date
Work Unit Experimenter(s) Started

JOBGOAL - Improved on-the-Job Training Mr. Robert C. Trexler Jul 70
for Logistics Personnel Mr. Patrick J. Butler

Mr. Hugo F. Braden

Objective: To determine and develop means for improving on-the-Job
training (OJT) for enlisted logistics personnel.

Research Area 3:
Training for Leadership, Command and Control

CAMBCOM- Knowledges, Skills, and Mr. Theodore R. Powers Mar 69
Thought Processes of the Battalion Mr. Arthur J. DeLuca
Commander and Primary Staff

Objective: To identify the knowledges, skills, and thought processes of
the battalion commander and primary staff officers of a combat arms
maneuver battalion.

FORGE - Factors in Military Dr. Joseph A. Olmstead Jul 67
Organizational Effectiveness Dr. Larry L. Lackey

Mr. Harold E. Christensen
Mr. Paul F. Ferguson

Objective: To identify and discover ways of controlling human factors
that influence the effectiveness of military organizations.

INGROUP - Small-Group Instructional Dr. Joseph A. Olmstead Mar 69
Methods for Military Training Dr. Larry L. Lackey

Mr. ,arold E. Christensen
Mr. Paul F. Ferguson

Objective: To evaluate the effectiveness of small-group instructional
techniques, and to identify ways to best exploit these techniques for
military instruction.

MANICON - Determination of Performance Dr. Harry L. Ammerman Jul 66
Capabilities and Training Requirements Dr. Robert D. Baldwin
for Manual Command and Control Mr. Robert J. Foskett
Functions of Automated Air Defense
Systems

Objective: To identify and evaluate manual performance capabilities and

training requirements for command and control functions of automated air
defense weapon systems.
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Date
Work Unit Experimenter s) Started

OC LEADER - Systems Engineering of Dr. James A. Caviness Jul 70
Leadership Training for Officer Mr. James A. Salter
Candidate Programs

Objective: To identify potentially productive approaches to the systems
engineering of leadership training programs in the Infantry Officer
Candidate School.

SKYGUAPD - Curriculum and Instruc- Dr. Paul G. Whitmore Jul 70
tional Improvements for the Air
Defense Artillery Officer Advanced
Course

Objective: To provide the U.S. Army Air Defense School with the necessary
information needed for systematic modification and optimization of the
existing Officer Advanced Course and of similar career-type instructional
programs.

Research Area 4:
Language and Area Training

COPE - Development of a Method for Dr. Alfred J. Kraemer Jul 67
Training Military Personnel for Inter-
action With Foreign Nationals

Objective: To design, produce, and evaluate a program of audio-visual
instruction for effective working with personnel of other cultures.

DEBRIEF - Feasibility Study of a Mr. Samuel C. Taxis Jul 67
System for Debriefing MAAG Advisors

Objective: To develop and evaluate techniques, instruments, and systema-
tic procedures for debriefing U.S. military personnel who have served
overseas with the Military Assistance Program, in order to (1) obtain
information relevant to improving standards and methods of advisor train-
ing, and (2) develop and evaluate procedures for processing, packaging,
and disseminating the information obtained.

EDGE - Studies of Effective Super- Dr. John W. McCrary Apr 69
vision of Foreign Civilian Employes
of the Army

Objective: To identify sociocultural factors contributing to the pro-
ductivity and morale of local national civilians employed by U.S. mili-
tary units overseas. Implications that sociocultural factors have for
management policies, training programs, and supervisory practices, will
be examined.
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Research Area 5:
Training Technology

Date
Work Unit Experimenter(s) Started

IMPACT - Prototypes of Computerized Dr. Robert J. Seidel May 67
Training for Army Personnel Dr. Felix F. Kopstein

Dr. Harold G. Hunter
Dr. Ronald J. Swallow
Mr. Edward Kingsley
Mr. Richard D. Rosenblatt
Mrs. Judith G. Compton
Mr. Leslie W. Willis

Objective: To develop (1) a prototype computer-administered instructional
system with (2) accompanying prototype multiple-track (branching), indiv-
idualized programs of instruction. To be selected for prototype develop-
ment, each course must be (1) critical for the Army, and (2) representa-
tive of a particular kind of behavior.

LISTEN - Development of Automated Dr. Thomas G. Sticht Jul 70
Programs to Improve Listening Skills
Required in Army Jobs

Objective: To develop automated audio-visual programs for improving crit-
ical listening skills across a wide range of aptitude levels of men in
Army jobs; and to evaluate the effects of training in critical listening
as an adjunct to reading training in Army Preparatory Training.

MEDIA - Improving Media Implementa- Dr. Ronald W. Spangenberg Jul 70
tion in Training Programs

Objective: To develop methodology for improved media implementation to
meet specified training objectives in Army training programs.

READNEED - Methodology for Evaluating Dr. Thomas G. Sticht Jul 70
Reading Requirements of Army Jobs

Objective: To further develop and refine a methodology for determining
reading tasks in Army jobs; to apply this methodology to several MOSs;
and to determine reading skill levels sufficient for performing the job-
related reading tasks.

SPECTRUM - Development of Efficient Dr. Ernest K. Montague Oct 66
Training for Soldiers of All Dr. John E. Taylor
Aptitude Levels Dr. Hilton M. Bialek

Mr. Robert N. Hauke

Objective: To develop procedures for selecting and organizing training
content and training methods for high-density combat and combat support
MOSs in order to achieve more efficient training at all aptitude levels.
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Work Unit Experimenters) Started

SYNTRAIN - Modernization of Synthetic Dr. Paul W. Caro, Jr. Apr 68
Training in Army Aviation Mr. Eugene R. Hall

Dr. Maurice M. Small
Mr. Robert N. Isley
Mr. Oran B. Jolley

Objective: To expedite the application of advances in training technology
to the design and utilization of Army aviation synthetic training equip-
ment, through surveys of training device design requirements and tech-
nology and by human factors and training research.

UPGRADE - Improving Aviation Mainten- Dr. Wallace W. Prophet Jul 66
ance Training Through Task and Mr. D. Schley Ricketson
Instructional Analysis Mr. James L. Wahlberg

Objective: To study the relationships among job requirements, training,
and manpower considerations for aviation maintenance. Specifically, to
develop techniques for gathering task data and procedures for translating
the data into effective training programs; to develop techniques to assist
in the definition of school and unit training responsibilities; and to
study the effect of non-use of training on morale, retention in service,
and proficiency of aviation maintenance personnel.

Research Area 6:
Training Management

APSTRAT - Training Strategies and Mr. Kenneth Weingarten Mar 68
Incentives Appropriate to Different Mr. Mark F. Brennan
Aptitude Levels for Selected Army Mrs. Jacklyn E. Hungerland
Training Courses

Objective: To develop and test, in an operational course, instructional
systems appropriate for multi-aptitude populations.

CADRE - A Prototype Course in Train- Dr. John E. Taylor Jul 70
ing Techniques for ATC Instructor
Cadre

Objective: To develop and evaluate an entirely new Methods of Instruction
(MDI) Course for ATC instructor cadre.

ESPRIT - Development of Methods for Mr. Eugene H. Drucker Jul 70
Improving Soldier Adjustment to the Army1*7
Objective: To develop and evaluate an attitude/personality data program
that will provide a continuing information base concerning areas of con-
flict between soldiers' motivational needs and Army goals to those agen-
cies responsible for the selection, training, and career management of
enlisted personnel. To also develop remedial information/training for
lessening need-goal conflicts.
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Date
Work Unit Experimenter(s) Started

PREDICT - Predicting Aviator Success Mr. H. Alton Boyd, Jr. Mar 69
in Training and Operational Assign- Mr. Peter R. Prunkl
ments Mr. James L. Wahlberg

Objective: To develop operational systems for predicting performance of
Army aviators during training and operational assignments by means of
computerized multiple regression equations and probability tables. The
initial system will be designed for use in secondary selection in the
aviation training program.

STOCK - Development of Training Dr. A. James McKnight Sep 67
Management Procedures for Different Dr. Harold Wagner
Ability Groups

Objective: To develop practical techniques for the management of entry-
MOS training programs in order that they may more effectively use individ-
ualized instruction for students at all aptitude levels.

Following is the list of Basic Research grouped by Research Area for
Fiscal Year 1971:

Research Area 5:
Training Technology

BR 16 - Improving Ability to See Military Targets

Following is the list of Exploratory Research grouped by Research Area for
Fiscal Year 1971:

Research Area 1:

Individual Training and Performance

ER 81 - Training USASA Operators

ER 82 - Low-Cost Simulation iA Military Training

ER 83 - GED Program for the Army

ER 85 - Army Flight Skill Learning Curves

Research Area 2:
Unit Training and Performance

ER 86 - Performance of NCOs in the Army Training Center
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Research Area 6:
Training Management

ER 80 - Methods and Media for Army Training

ER 84 - Retention of Army Flying Skills
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Operations Specialist. AB, Acting Head, Food Acceptance
Harvard U., English, 1938; Group, Behavioral Sciences Div-
American Society of Photogram- ision: MA 1965, Bucknell Univ;
merry. (202) 694-3760 Food and appetite regulation,
(Autovon 22-43760) BESRL taste psychophysics. Member:

AAAS. USAMC/NATICK

BINNIE, Richard D., E3, Mathematic-
al Asst., BS 1969, Univ of Pitts- BOLIN, Stanley F.; Task Leader.

burgh. Data processing. USAMC/ AB, Case Western Reserve U.,

Psychol., 1949; MA, Case
Western Reserve U., Experim

BIRNBAUM, Abraham H.; Supervisory Psychol., 1952; PhD, Western
Research Psychol. Program Dir, Reserve U., Psychol., 1955.
Surveillance Systems. BA, Performance Measurement and
Brooklyn C., Psychol., 1947; Prediction in Industrial/Mil-
MA, NYU, Psychol., 1948; PhD, itary Orgns, Human Development,
NYU, Psychol., 1957. APA, EPA, Alcoholism. APA, American
DCPA, American Society of Educational Research Assoc.,

Photogrammetry, Certification - American Personnel & Guidance

Maryland. Information Systems Assoc, National Council for

Research. (202) 694-3840 Measurement in Education,

(Autovon 22-43840) BESRL American Correctional Assoc.,
Assoc. -for Humanistic Psychol.,

BISHOP, Harold P.; Senior Scientist. Christian Assoc. for Psychol.S,1950, MS, 1952, PhD, 1958, Studies, Assoc. of US Army,
BS,h1950,nMS. 1 ., P h, AAAS, DCPA. (202) 694-4031
Washington State U., Psychol.
Vision, Human Factors. APA, (Autovon 22-44031) BESRL
MidWPA, Ky PA, OSA, AAAS, Sigma BOME, William B., Psychologist.
Xi. Ft Knox, Ky., (502) 624- BA 1961, Furman Univ. Special-
4953 (Autovon 726-3300, Ext. ization: Aviation Psychology.

493) HMember: Human Factors Society.

USAMC/NAVTRADEVCEN

BLACKMER, Raymond F., Electronics
Engineer; BS. 1954, Univ of Mass- BOYCAN, G. Gary; Research Scientist.

achuetts Intrumntaton.AB, Grove City C., Psychol., 1964;

MA, U of Detroit, Psychol., 1967.
USAM/HELTng Systems Engineering. ASTD.

BLACSTON, EueneH., C, CiefFt Knox, Ky., (502) 624-6534
Cardiovasugenar Mhi e nh(Autovon 726-3300, Ext. 6534).
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BOYD, Aurey, CPT, MC, Research In- BRENNAN, Mark F.; Research Associate.
ternist, Washington University BS, USMA, Management Engineering,

.Medical School, 1969, Experiment- 1938. AUSA. Presidio of Mon-
al Biochemistry. USAMRDC A Calif., (408) 242-8349.

BOYD, H. Alton; Research Scientist.
BS, Millsaps C., Psychology, 1957; BROWN, Emma E.; Assistant for
MS, North Carolina State U., Reports. BA, U. of Colorado,
Industrial Psychol., 1965. Human Languages, English Language,
factors engineering. Interview Journalism; MA, U. of Colorado,
procedures. Questionnaire and Languages, Psychol. Measurement
survey design. Aviation psychol. & Evaluation. APA, DCPA, Psi

APA, Ala PA, Who's Who in Ameri- Chi, Phi Beta Kappa, Phi Sigma
can Colleges and Universities. IOTA, Federal Editors Assoc.
Personalities of the South. (202) 694-3705 (Autovon 22-43705)
Omicron Delta Kappa, Pi Kappa BESRL
Delta, Alpha Psi Omega, Delta BROWN, Frank L.; Senior Staff Tech-
Psi. Ft Rucker, Ala., (205) nician. BS, Clarion (Pa) State
255-2712 (Autovon 558-2712). C., Secondary Education, 1956.
HumRRO Military Training. Small unit

operations. Specification of
BOTSCH, Francis W., Chief, Instru- performances, knowledges, and

mentation Branch, B.S., Univers- skills. Ft Benning, Ga., '(404)
ity of Massachusetts, 1949, Bio- 545-1907. HumRRO
instrumentation. USAMRDC

BROWN, George H.; Senior Staff Sci-
BOWERS, Wilbert D., Jr., Research entist. AB, 1947, PhD, 1952,

Microbiologist, Ph.D., Southern New York U., Psychology. Lan-
Illinois University, 1967, Micro- guage training. Technical
biology. USAMRDC training. Adult basic educa-

tion. APA, EPA, NSP!. (703)
BOYLES, Wiley R.; Senior Scientist. 549-3611. HumRRO

BS, U. of Chattanooga, Psychol.,
1960; PhD, U. of Tennessee, BUCKLEY, Janet K.; Analyst Pro-
Psychol., 1963. APA, SEPA, Ala. BUCKLE JA K. Al ro-

PA, AAP, AUSA, License, Ala., Crolina, Ma, 1. (703)
Sigma Xi. Ft Rucker, Alabama, Carolina, Math, 1948. (703)

(205) 255-2709. HumRRO 549-3611. HumRRO

BRADEN, Hugo F.; Senior Technician. BUCKLIN, Bruce L., Engineering
BS, U. of Alabama, Physics, 1962. Psychologist. BA !965, State
Military Training. Computer Sim- Univ of New York at Fredonia;
ulation,(GPSS). Sigma Pi Sigma. MA 1969, Farleigh Dickinson
(703) 549-3611. HumRRO Univ; General Psychology. Mem-

ber: Alpha Psi Omega.
BRADLEY, Franklin D.; Technician. USAMC/MUCCM(PA)

(703) 549-3611. HumRRO I
BURGESS, George G.; Deputy Assis-

tant Director for Utilization.
BRECKENRIDGE, John R., Research ofPychofD148;ueDGUnofal

Physcis, B.., nivesit ofBA, U. of Dubuque, GeneralPhysicist, B.S., University of Science, 1945; AM, Washington U.,Pennsylvania, 1946, Physics of P y h l , 1 4 ; P D . o l .
Clothing. USAMRDC 1957. Personnel Research, Human
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Factors. APA, EPA, HFS-Potomac CARO, Paul W.; Senior Staff Scien-

Chapter, AStatA, AMS. (202) tist. BA, Fla. State U., Pay-

694-1297 (Autovon 22-41297) BESRL chol., 1955; MA, 1956, PhD, 1961,
U. of Tennessee, Psychology.

BURKE, Laverne K.; Sr. Project Training system analysis. Simu-
Director. SB, U. of Chicago; lation. Simulator design. APA,
MA, Ohio State U., Psychol, 1935. SEPA, Ala PA, AAP, AHS, AMS,
Operations Research. APA, EPA, Who's Who in South and Southeast,
DCPA, Psymet S, AStatA, ACM, Soc. Personalities of the South,
for Indust. & Appl. Math.; Assoc. License, Alabama, Sigma Xi. Ft
Member, ORSA; Pi Mu Epsilon. Rucker, Ala., (205) 255-5002
(202) 694-3947 (Autovon 22-43947) (Autovon 558-5002). HumRRO

BUTLER, Patrick J.; Research Sci- CARRIERO, Nicholas J., Research

entist. BA, Piedmont C., Psy-, Psychologist. ES 1951, Canis-

chol., 1952; MA, U. of South ius C; Ph.D. 1964, State Univ

Carolina, Psychology, 1957. of New York at Buffalo. Phys-

Human factors. Military train- iological correlates of attit-

ing. Computer simulation (GPSS). ude change. Member: APA; EPA;

EIA Psi Chi. (703) 549-3611. Sigma Xi; AAAS. USAMC/HEL
HumRRO

CASEY, Francis B., CPT, MSC, Im-

BYRNES, Peter J., SP5, Elect. Engr. munologist, Ph.D., University of

Asst. BEE 1968, Manhattan Col- New Mexico, 1970. Pathology,

lege. Member: IEEE. USAMC/HEL Immunology. USAMRDC

CADUS, Lamont E., SP4, Elect. Engr. CASSATT, Robert K., Project Eng-
Asst. BSEE 1966, Univ of Notre ineer; Harvard Univ. Member:

Dame. Computer Electronics. Human Factors Society. USAMC/HEL

Member: IEEE. USAMC/HEL 1
CASTELNOVO, Anthony E.; Task Leader.

CAHOON, Richard L., Research Psych- MA, Kent State U., Psychol.,

ologist, Ph.D., Tufts University, 1951; Leadership Evaluation &

1966, Effects of hypoxia on phys- Leadership Development Processes,
iological indices of behavior. certified--Virginia. (202)
USARDC 694-4072 (Autovon 22-44072) BESRL

CALDWELL, Lee S., Research Psych- CAVINESS, James A.; Senior Scientist.
ologist, Ph.D., University of BA, Portland State C., Psychol.,

Keatucky, 1955, Biomechanics. 1960; MA, 1962, PhD, 1964,
AMRL/USAMRDC Cornell U., Exp. Psychol..

Selection and training. APA,
CAMP, R.T., Jr., Director, Bio- WPA, OPA, PPA, Theta Delta Phi.

physics Division, B.A., Univers- ft ing Ga., (404) 545-1907.
ity of Florida, 1955, Psycho- B i
acoustics. USAARL/USAMRDC

CAYLOV, John S.; Senior Scientist.
CARLOCK, Jack, Engineering Psy- AB, Western Reserve U., Econ-

chologist. BS 1960, MA 1961, omlcs, 1942; MA, Western Reserve

Rutgers Univ, Visual Detection; U., Industrial Psychol., 1950;
Portability; Member: Human Fac- PhD, U. of Michigan, Psychol.,
tors Society; Mine Field Mark- 1956. Muman learning. Training.
ing Committee. USAMC/MUCOMfPA) Criterion development. Perfor-
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mance measurement. Reading and UCLA, Psychology. Social pay-
listening. WPA. Presidio of chology. Design of experiments
Monterey, Calif., (408) 2A2-8349. and analysis of data. Applica-
HumRR0 tion of systems analysis and

CLEARY, Fred K., LTC, AUS (Ret); operations research to human
Technician. AA, Columbus C., factors and social problems.
Secondary Education, 1968. APA, AAAS, WORC, AMSC, Sigma Xi,
Military training. Small unit Psi Chi. (703) 549-3611. HumRRO
operations. Specification of
performances, knowledges, and COHEN, Stanley L.; Research Psychol.
skills. AUSA, AOPA. Ft BA, Geo. Washington U., Psychol,
Bennng,umRRo Ga., (404) 545-1907. 1963; MA, Geo. Washington U.,

Psychol, 1966; PhD, Geo.

CLEGG, Thomas J., PFC, Biological Washington U., Psychol, Sep 1970.
Sciences Assistant, Behavioral APA, AAUP, Psi Chi, Sigma Xi.

(232) 694-3730 (Autovon 22-43730)Sciences Division: BA, 1969,BE
Erskine College; zoology.
USAMC/NATICK ,;M..':,*: Judith G.; Behavioral

Szinvist. AB, C., of William
CHAIKIN, Gerald, General Engineer n'. Mary, Psychology, 1963;

(Human Factors): BSME, Purdue it U. of Delaware, Psychology,
Univ, 1956; Integration of Hum- 1966. Computer administered
an Factors Engineering into instruction. Individual differ-
Weapon System Programs; Member: ences. Learning. RESA, AERA,
Human Factors Society; Register- ADIS, Sigma Xi, Psi Chi. (703)
ed Professional Engineer (Ala- 549-3611. HumRRO
bama). USAMC/NICGM

CORLEY, Winon E.; Technician.
CHEEVER, Herbert A., Mechanical Flight training systems analysis.

Engineering Asst. SP5. BS 1965, Ft Rucker, Ala., (205) 255-5002
Mech Engr. Univ of Massachusetts. (Autovon 558-5002). HumRRO
USAMC/HEL

CORONA, Bernard M., Project Engin-
CHIPSER, S. John, Electrical Engin- eer. BFA 1961, Industrial De-

eer: BSEE, Lehigh Univ, 1964; sign, Philadelphia College ofIntegration of Human Factors Art. Member: SAE. USAMC/HEL
Engineering into Weapon System
Development Programs; Member: CORY, Bertha H.; Chief, Statistical
Institute of Electrical and Systems & Computer Br. AB, U.
Electronic Engineers, Human Fac- of Rochester; MA, U. of Rochester, f
tors Society. USAMC/MICOM Psychol., 1941. Methodology,

CHRISTENSEN, Harold E.; Research Computer Applications, Interest& Aptitude Measurement. APA,Scitist. 19 S, U. of Utah, EPA, Md. PA, DCPA (Pres. 1965),
Hstry, 197;0U.e ofnU ah, Psymet S, ACM, ACM Spec. Interest
Peschree196. AnPing and Gp. on Computer Sys. Installation
Measurement. APA, NSPI. Ft Mm.(e-ra) etfeMget. (Sec-Treas) ; Certified J

Benning, Ga., (404) 545-1907. sy
HumRRO Psychol.--Md.; Rsch Psychol.

Panel of Interagency Bd of
COGAN, Eugene A.; Director for Examiners; Sigma Xi, Phi Beta

Research Design and Reporting. Kappa. (202) 694-3754 (Autovon
AB, 1947, MA, 1949, PhD, 1951, 22-43754) BESRL
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COULSTON, Herbert V., Jr., E., Asst. DALEY, Francis G.; Librarian. Ft
Mech. Engineer, BS 1966, Lehigh Bliss, Texas (915) 568-4491.
Univ, Mech Eng; MBA, 1968, Univ HumRRO
of Pennsylvania, Indust. Mgmt.

Mechanical Engineering Design. DAVIS, Bruce W., SP4, Electrical

Member: Wharton MBA Club, Chi Engineer, instrumentation Group,

Phi, ASME. USAMC/HEL Behavioral Sciences Division:
BS 1967, Rutgers Univ; electric-

CRAWFORD, Meredith P.; President. al engineering. MS 1969, Rut-

AB, Vanderbilt, Chemistry, 1931; gers Univ; electrical engineer-

MA, 1932, PhD, 1935, Columbia U., ing, Member: IEEE; HKN.

Psychology. Research Adminis-

tration. Military psychology.
Experimental psychology. APA, DAVIS, C. Jane, Research Psycho-
DCPA, MPA, EPA, AAAS, NRC, PS, logical (Engineering). AB 1937,

AUSA, Fellow APA, Phi Beta Catharine Spalding College,
Sigma Xi. '(703) 549-3611. Dept of Psychology, Univ ofDelaware, Information Displays.

CRONHOLM, James N., Psychophysiol - Member: Kappa Gamma Pi; Psi Chi.

ogist, Ph.D., University of Louis- USAMC/HEL

ville, 1969, Mathematical Models.
AMRL/USAMRDC DAY, Roberta W.; Personnel Rsh.

Psychologist. BS, Denison U.,

CROSLEY, John K., MSC, Optometrist, Psychol., 1961; MA, Syracuse U.,

M.S., Indiana University, 1966, Psychol., 1965. Psychometrics,

Physiological Optics. ityA1L6 Computers, Systems Analysis.

hsAMRDC (202) 694-3754 (Autovon 22-43754)
BESRL

DEAN, Richard F.; Research Psychol.
CRUSE, Charles S., Chief, Engineer- BS, U. of Md., Psychol., 1958;

ing Research Laboratory; Mary- MS, U. of Md., Applied Experim

land Institute of Mechanical Psynhol., 1962. Sensory
Arts. Member: US Naval Instit- Processes, Man-Machine Systems
ute. USAMC/HEL Analysis. AStatA, HFS-Potomac

Chapter, HFS, DCPA. (202)
CRUTCHFIELD, John N., PFC. Elec- 694-3730 (Autovon 2 2-43730)ESRL

trical Engineer, Instrumentat-
ion Group, Behavioral Sciences
Division: BS 1967, North Carol- DeBELLIS, William B., Engineer

ina State Univ; electrical (Human Factors). BA 1962, Pur-
engineering. Member: IEEE. due; mechanical engineering.
USAMC/NATICK Member: Maryland Society of

Professional Engineers (EIT).
CURRY, Lala J.; Senior Instruction- USAMC/HEL

al Programmer. BS, Ohio State
U., Home Economics, 1948; MS, DEES, James W.; Senior Scientist.
Cornell U., 1965. Instructional BA, Emory U., Experimental
systems and materials. Computer- Psychology, 1958; PhD, U. of

administered instruction. Con- Tennessee, Psychology, 1962.
sumer education. AHEA-DCABEA, Learning. Human Factors. APA-

ASTD-DCASTD, Phi Kappa Phi, Pi SEPA, HFS, AMS, Who's Who in

Lambda Theta, Omicron Nu, Phi Midwest, Sigma Xi. Ft Banning,
Upsiln Omicron. (703) 549-3611. Ga., (404) 545-1907. HumRRO
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DE HAAN, Henry J.; Research 194'; MS, Purdue U., Industrial

Psychol. AB, Washington U., Psychology, 1947; PhD, Purdue

Chemistry, 1942; MA, Washington U., Psychology, 1949; Human

U., Psychol., 1949; PhD, U. of Factors Systems Research. APA,

Pittsburgh, 1960. Experim & EPA, HFS, IAAP. (202) 694-3540

Physiological Psychol., Human (Autovon 22-43540) BESRL

Performance. APA, EPA, AAAS,
Internat. Primat. Soc., Animal
Behavior Soc., NY Acad. Sci., DRUCKER, Eugene H.; Research Scien-

AMS, Sigma Xi. (202) 694-43549 tist. BS, U. of Illinois, Psy-

(Autovon 22-43549) BESRL chology, 1956; MA, U. of Ky.,
Psychol., 1958. Attitude meas-
urement, attitude change, lead-

DeLANEY, Joseph P., Research Psycho- ership. APA, MPA, SEPA. Ft Knox,

logist (Engr). BA 1960, North- Ky., (502) 624-5646 (Autovon 726-

western Univ; experimental 3300, Ext. 5646). HumRRO

psychology, engineering psy-
chology. USAMC,AUCOM(EA) DUVA, James S. Psychologist. MA

DE LUCA, Arthur J.; Research Sci- 1948, Fordham Univ; BA, Iona

entist. AE. Ohio U., Math, College, 1947. Specialization:

1939; MEd, Toledo U., Adminis- Training Research and Human

tration-Supervision, 1964. Factors. Professional Society

Officer training and education, Membership: APA; AAAS; Research

Phi Delta Kappa. Ft Banning, Society of America; Senior Mem-

Ga., (404) 545-1907. HumRRO ber, IEEE; Digital Equipment
Users Society. USAMC/NAVTRA-

DeTONI, Gino R., Research Engin- DEVCEN

eer (Human Factors). BS 1951,

Union College; MA 1969, Fair- D11N, Evelene H.; Technician. (703)

leigh Dickinson Univ; System 549-3611. HumRRO

Analysis. Member: Human Factors

Society; AOA. USAMC/MUCOM(PA) DUSEK, E. Ralph, Director, Behavior-

al Sciences Laboratory, Ph.D.,

DICKINSON, Nonnie F., CWO-4, USA State University of Iowa, 1951,

(Ret); Engineering Technician Environmental effects of human

(Human Factors). USAMC/HEL performance. USAMRDC

D'MELLO, Joseph C.; Senior Techni- DYER, Fredetck N., Research psycho-

cian. BA, Howard U., Drama, logist, Ph.D., Michigan State

1963. Theatre: Acting and University, 1968, Visual Percept-

Directing. (703) 549-3611. ion, AMRL/USAMRDC
HumRRO

DOOLITTLE, William H., LTC, MC, ECKLES, Andrew J., I1, Research

Director, USAMRLA, M.D., Univers- Psychologist (Engineering). BS

ity of Vermont, 1960, Medical Ef- 1950; MA 1952, Univ of Louis-
facts of Cold Exposure. SAMRDC ville. USAMC/HEL

DOSS, Norman William, Engineering
Technician. USAMC/HEL

ELLIS, Paul H., Industrial Designer.

DRUCKER, Arthur J.; Assistant BS 1963, Philadelphia Museum

Director for Operations. BS, College of Art; armored vehicles,

U. of Rochester, Education, small arms. USAMC/HEL
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ENGEL, John D., Research Scientist. AUSA, ROA. Ft Beaning Ca.,
BS, City C. of New York, Psychol., (404) 545-1907. HuisR
1964; MA, U. of Detroit, Psychol.,
1966. Tag Systems Engineering. FINK, C. Dennis; Program Director.
Test t+.eory. Test Development. BA, U. of Maine, Psychol., 1950;
APA, KPA, ASTD, NCME. Ft Knox, MA, 1955, PhD, 1958, U. of Colo-
Ky. (502) 624-8149 (Autovon 726- rado, Psychology. Employee
3300, Ext. 8149). HumRR0 training and development. Job
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systems and technology. Infor-EMERY , Mason C., GMMC, USN (Ret). maonruientanaays.
Equipment specialist, nSM/E ation requirements and analysis.USAMC/L SA, ADI. (703) 549-3611.

ERICKSON, John R., Supervisory Eng-
ineer (Human Factors); Chief, FINK, Vonald,CFT, MC, Research Intern-

Missile, Communications/General ist, M.D., University of Nebraska

Support Branch. BSME 1951, Case Medical School, 1969, Environment-
Institute of Technology. USAMC/ sl Medicine. USAR.DC
DEL

FINE, Bernard J., Research Psycholo-
EVANS, Wayne 0., LTC, MSC, Director gist, Ph.D., Boston University,

Military Stress'Laboratory, Ph D 1956, Biochemical-endocrine cor-
Duke University, 1960, Psycho- 'relation of behavior under stress.
pharmacology and Human Perform- USAMRDC

ance. USAMRDC
FISHER, Dennis F.,Research Psycho-

logist, BA 1964, San Jose State;FAIR, Paul A., Supervisory Researcl MA 1970, Univ of Delaware. Per-
Engineer. Certificate, Pratt
Institute 1926. Mception, memory, learning, in-Insttute192. Meber Naton. formation processing. USAMC/HEL
al Society of Professional Engi-
neels, Susquehanna Chapter.USAMC/HEL FLEISHMAN, Joseph J., CPT, MSC, Re-

search Psychologist, Ph.D., Yesh-

FARRELL, 7rancis M.; Assistant tor iva University, 1969, Develop-

Plans. BS, Fordham U., English ment of performance indices sens-

Literature, 1940; MS, Fordham itive to stress effects. USAHRDC

U., Educational Psychology,
1947. R&D Management. Mass. FLORIP, David J., SP5, Electrical
PA; Licensed Psychol NY State. Engineer Asst. BS 1961, Michig-
(202) 694-3538 (Autovon 22- an Technological Univ, electric-
43538) BESRL al engineering. Member: IEEE.

USAMC/HEL
FARRELL, John P., Jr.; Research

Psychologist, BA, Boston C., FOSKETT, Robert J.; Electronics
Psychol., 1961; MA, Catholic U. Eineer. BEE, Ohio State,
of Am., Experim Psychol., 1965; Electrical Engineerng, 1962.

PhD, Catholic U. of Am., 1969. Ft Bliss, Texas, (915) 568-4491.
Human Performance. AFA, HFS. HumRRO(202) f694-3730 (Autovon 22-43730O

BESF1 FOSTER, Murray Jr., Engineering
FERGUSON, Paul F., AUS. LTC (Ret); Technician (Aviation), Johns

Technician. Military Training. Hopkins Univ. USAMC/HEL
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FOX, Lynn C.; Research Associate. GARINTHER, Georges R., Research
BA, Gettysburg C., Psychology, Engineering, BSEE 1957, Gannon
1963. Presidio of Monterey, College. Member: Acoustical
Calif. (408) 242-8349. HumRRO Society of America; National

Academy of Science-NRC Committee

FRANCESCONI, Ralph P., Chemist, Ph.d. on Hearing. Bioacoustics and

Boston College, 1966, Environment Biomechanics. USAMC/HEL
biochemistry. USAMRDC

GALLUN, Louis, Mechanical Engineer-
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chologist (PM&E). BS, CCNY, and equipment. Mem.er: Human
Mathematics, 1933; MS, CCNY, Factors Society, National and
Psychology, 1938. Change Delaware Valley Chapter; OSA.
Process, Optimization of Indi- USAMC/MUCCM(FA)
vidual & Group Performance,
Utilization of Social Indicators GANCHROW, Donald, Biological Psycho-
as a Criterion and/o' Predictor logist, Behavioral Sciences Div-
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Member: AAAS, Sigma Xi. USAMC/

FREDERICKSON, Edward W.; Research NATICK
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Industrial Psychol., 1970. Re- IMPACT. Deoign and development
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APA, AAAS, MPA, EPA, Sigma Xi. AB, U. of Calif., Psychol., 1948;
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GOLDEN, Michael G., Engineering 22-45400) BESRL
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U., INdrtrina Sheo., 9; HAPKER, George S., Director, Experi-
MS, North Carolina State C., Mental Psychology Division, Ph.D.,
Industrial Psychol., 1952; PhD. University of Iowa, 1950, Vision.
State U. of Iowa, Psychol., 1956. A 1/USAHRDC
General Experimental Learning
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HALPIN, Stanley M., Social Psycho- Taylor Univ; biolgogy; MS 1969,
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Washington State University, 1969, HAUKE, Robert N.; Research Assis-
Veterinary Medicine. USAMRIA/USAMRDC tant. BA, Pacific Luthern U.,

Sociology, 1967. Training

HANNA, Thomas D., Engineering methods research. Presidio of

Psychologist; MS 1962, Temple nu~ey, Calif., (408) 242-8483.
Univ; Vision, audition, systems
analyris. Member: Aerospace HAVERLAND, Edgar M.; Advisor for
Medical Assoc; Aerospace Indust- Program Development. AB, 1949,
rial Life Science Assoc; Space AM, 1954, PhD, 1954, U., of
Medicine Branch of ASMA; EPA; Illinois, Psychology. Measure-
HFS; NY Acad of Sci; Phila Phys- ment of human performance.
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tical analysis. APA, MPA, DCPA,
HANSEN, James E., COL, MC, Commanding Psymet S, ANS, Phi Beta Kappa.

Officer, M.D., Johns Hopkins Univ- (703) 549-3611. HumKRO
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Altitude Physiology. USAMRDC

HAYNAM, Kenneth W.; Sr. Project
HARDING, Francis D.; Senior Staff Director. BA, The C. of

Scientist. BS, Boston U., Edu- Wooster, Math., 1960. Opera-
cation, 1947; MA, U. of Illinois, tions Research, Computer
Psychol., 1948; PhD, Purdue U., Science. AStatA, The Institute
Psychol., 1953. Manpower. Tech- of Mgmt. Sciences; Assoc.
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HEARNS, Joseph F., CPT, MSC, Re- Va. (202) 694-3780 (Autovon
search Psychologist, Behavioral 22-43780)
Sciences Division: Ph.D. 1967, BESRL
Univ of Massachusetts, Motor
Skill Learning, Engineering HODGE, David C., Research Psycho-
Psychology. Member: EPA. logist. BA 1953, Hardin-Simmons
USAMC/NATICK Univ, MA 1959, Texas Technol-

ogical C; Ph.D. 1963, Univ of
HELME, William H.; Chief, Behavioral Rochester. Psychological ac-

Evaluation Research Div. BA, oustics, noise effects on hear-
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HERBERT, Dorothy C.; Research HOEHN, Arthur J.; Director, Divi-
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2055). HumRRO HumkO

HERBERT, Marvin J., Research Psycho- HOFMANN, Mark A., MSC, Director,
logist, Ph.D., University of Aviatior Psychology Division,
Minnesota, 1953, Motor Skills, Ph.D., University of South Dak-
AMRL/USAMRDC ota, 1968, Human Factors.

USAARL/USAMRDC

HEYL, Arnold A.; Director for
Operations. AB, Mission House HOFFMAN, David S.; Manager, Computer

C., Math, 1940; MA, U. of Texas, Center. BS, Carnegie Inst. of
1947. Data processing Technology, Chemistry, 1942; MS,research operations. Education U. of Pittsburg, Math, 1952.

rE SIAM, ACM, MAA, AAAS, A Stat A.
and training research management. (703) 549-3611. HumR&O
Statistical analysis. (703) 549-
3611. HumRRO

HOGAN, Redmond P., III, MAJ, MC,
HIBBITS, Francis L.; Program Budget Research Internist, M.D., Vaider-

Manager. B-, U. of Rhode Island, bilt University, 1965, Heat Dis-
Biology, 1937. (703) 549-3611. ability. USAMRDC

HILLIGOSS, Richard E., Research
Psychologist. BA, U. of Akron, HOLLAND, Howard H., Jr., Engineer
Mathematics, 194-'; MA, Geo. (Human Factors). BS 1948, Aero-
Washington U., 2sychometrics, nautical Engineering; BS 1942,
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HORLEY, Gary L., Industrial Design- chol., 1955; MS, 1962, PhD, 1965,
er (Human Factors). BFA 1956, Washington State U., Psychol.
Philadelphia Museum College of Training Management. AMS, WWA,
Art; College of Engineering, CAI, Sipa Xi, Psi Chi. (703)
Univ of Delaware. USAMC/HEL 549-3611. HumRRO

HOUFF, Charles W., Training Special- HUNTER, Josephine R.; Librarian.
ist (Human Factors). BS 1968, (703) 549-3611. HumRRO
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U(703) 549-3611. HumRRO
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Sgist. BA, C of Wui & Mary, Human Performance Experimenta-
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Experim Psychol. RESA, Pi C., Research Division. BS, CCNY,
Sim Xsyih. .(202) 694-3Physics, 1937; MS, CCNY, Educa-Sigma Xi. (202) 694-3553 tion & Physics, 1938; BS,
(Autovon 22-43553)IESRL Columbia U., Optometry, 1948;

AM, Columbia U., Experim Psychol,
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BESRL. (202) 694-3549 (Autovon 22-43549)
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Ph.D., Brown University, 1966, HYSELL, David K,, MA, MC, D.V.M,
Environmental Biochemistry. Ohio State University, 1963,
USAMRDC Experimental Pathology. USAMRDC

HUDGENS, Gerald A., Research Psycho- ISLEY, Robert N.; Research Scien-
logist. BA 1960, Knox C; MA tist. BA, Wayne State U., Pay-
1961, Univ of Denver; Ph.D. 1965, chol., 1960; MS, Tulane U.,
Purdue Vniv; stress,roychobiol- Experimental Psychol., 1968.
ogy, early experience, aggress- Performance evaluation. Simu-
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Physiologist, Ph.D., University V0&J55-M002 (Autovon 558-5002).
of Arizona, 1966, Environmental
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Chief, Psychology Group: Ph.D. Research Division, M.D., South-
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al Psychology, Sensory and Reg- Neurology. USAARL/USAMRDC
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Association; Member: American JORDAN, Stephen, Research Psycho-
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KAPLAN, Harry; Assistant for Tests.J£PFREY, Thomas E.; Research BA, Geo. Washington U., Psychol,
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RESA. USAHC/MUCa((PA) ersity School of Medicine, 1967,
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Presidio of Monterey, Calif. CAl. Instructional technology.

(408) 242-8349 Educational cybernetics. AMS,

APA, EPA, IMP AERA, SGSR, ASC.
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Psychologist (PM&E). MS, Iowa Univ; MA 1967, Ohio State Univ;

State U., Psychology, 1961. BS 1965, Ohio State Univ. Spec-

Performance Measurement & Pre- ialization: Experimental and
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tist. BA, Texas A&I U., Psychol., LEIBRECHT, Bruce C., CPT, MSC, Re-
1962; MA, U. of Texas, Psychol., search psychologist, Ph.D., Mich-
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Sigma Xi, Sigma Pi Sigma. (703)
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(Ret); Research Scientist. BS,
U.S. Naval Academy, Electrical MARTIN, Andrew S., MSC, Aviation
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Washington U., Engineering Admin., of Connecticut, 1970, Learning
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ion. Member: IEEE; AAA$. MC FANN, Howard H.; Director, Divi-
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R.P.E. BSCE 1959, Univ of South search management. Psycholog-
Carolina. Color vision, depth ical stress. Learning: Occu-
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HumRRO USAMC/NATICK
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1953. Instructional technology. Training media. Programmed

APA, SWPA TPA, NSPI, Sigma Xi. instruction. Perceptual-motor
(915) 568-2783. skills. APA, AERA, AAS, NSPI,

TPhi Beta Kappa. Ft Bliss, Texas,MELLINGER, John J.- Chief, Statis- (915) 568-4491. HumRRO
* tical Research a Consultation

Branch. BS, U. of Chicago, MILLER, Knox E., Psychologist.
Psychoiogy, 1949; PhD, U. of Ph.D., 1961, Florida State Univ;
Chicago, Psychometrics, 1956. BS 1951, Florida State Univ.
Quantitative Psychology. APA, Specialization: Visual percept-
AAAS# Psymet S., AStatA; Sigma ion and control-diaslay dynamics
Xi. (202) 694-4374 (Autovon in training dviceas related to
22-44374)IBESRL aircraft, radar and tactical

data systems. Member: Sigma Xi.
MERZLER, Howard C., COL, Command- USAMC/NAVYRADEVCENing Officer, USA Aberdeen Res- MONTAGUE, Ernest K.; Senior Scien-earch & Development Center. MS tist. BA, State U. of Iowa,

1947.1owa State College; BS 1944, Sociology, 1947; MA, 1940, PhD,USMA; C&CSG, 1959; National War 1950, State U. of Iowa, Psychol.

College, 1966. USAMC/UgL Training evaluation. Mental
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health evaluation. Fellow APA, NAWROCKI, Leon H.; Research Pay-Fellow AAAS, Diploma ABEPP chologist. BS, Ohio State U.,
(clinical), AERA, Certified Psychology, 1962; MA, Ohio State
Texas, Licensed Calif., WPA, U., Psychology, 1964; PhD, Ohio
Phi Beta Kappa, Sigma Xi, Phi State U., Psychology, 1969.
Delta Kappa. Presidio of Mon- Information Processing & Decisionterey Calif., (408) 242-8349. Making. APA. (202) 694-3830Hulnkuw (Autovon 22-43830) BESRL

MONTY, Richard A., Research Psy- NEWCOMB, Fred N., Supervisory
chologist. BA 19 6, Boston Engineer (Human Factors). UnivUniv; MA 1957, Columbia Univ; of Maryland. USAMC/HEL A
Ph.D. 1961, Univ of Rocheste..r. IMemory, perception, vision. NEWMAN, Russell W., Anthropologist,
Member: APA (Div. 3 & 21); EPA; Ph.D., University of California,
Psychonomic Society; Sigma Xi. 1949, Cold Physiology and Anthrop-
VSAMC/HEL ology. USAMRDC

MOSKO, James D., Research Psycholog- NICHOLS, Thomas L., Research Psy-ist, Ph.D., Purdue University, chologist (Experimental and1967, Psychoacoustics, AMRL Physiological). Head, Psycho-
USAMRDC acoustics Unit, Behavioral

Sciences Division. Ph.D. 1966,MOSKOWITZ, Howard R., Research Univ of Texas, Psychoacoustics.
Psychologist, Behavioral Scien- Signal Detectability, Noise Pro-ces Div. Ph.D. 1969, Harvard tection. Member: Acoustical
Univ; Sensory psychophysics of Society of America; NAS/NRC Con-taste and smell, psychophysical mittee on Hearing, Bioacoustics,scal ing. Member: Sigma Xi. and Tiomechanics (CABA).
USAMC/NATICK USAMC/NATICI

MULLEN, William C., Research Pay- NIXON, Cynthia L., Psychologist,
chclogist. BS 1968, Loyola Behavioral Sciences Div. BA
College. USAMC/HEL 1969, Cornell Univ; psychology.USAMC/NATICK

NAIR, Ward M., Mathematician; Weap- NYKVIST, William E., PFC, Mechan-
ons Systems Analyses. BA 1961, ical Engineer, InstrumentationMS 1964, Univ of Wyoming.
S1964, UnvfGroup, Behavioral Sciences Div-USAMC /EL ision. BS 1968 State Univ of

New York at Buffalo; mechanical
NARVA, Marshall A., Research engineering: MS 1969, Univ of

Psychologist. BA, Brown U., Washington; mechanical engineer-Psychology, 1952; MS, Tufts U., ing. "fembez: ASME; Tau Beta Pi.

Exper. Psychology, 1955; PhD, USAMC/AATICK
U. of Md., Applied Exper.
Psychology, 1960. Information OLMSTEAD, Joseph A.; Senior StaffProcessing & Visual Perception. Scientist. BA, 1953, MA, 1954,
APA, EPA, DCPA, Sigma Xi, Phi Ph.D. 1956, University of Texas,
Beta Kappa, Certification - Md. Psychol. Organizational and
(202) 694-3830 (Autovon 22-43830) group functioning. LeadershLp.BESRL Member: APA, SEPA, Phi Beta
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Kappa, Sigma Xi. Ft Benning, PAULEY, Warren P.; Technician.

Ga., (404) 545-1907. HumRRO Aviation and maintenance train-
ing. Task and skill analysis.

OLSON, Pauline T.; Sr. Task Leader. Questionnaire development. Ft

BS, U. of Kentucky, Mathematics, Rucker, Ala., (205) 255-4601

1937. Operations Research. (Autovon 558-4601). HumRRO

Assoc. Member, ORSA; Member,
AStatA; Phi Beta Kappa. (202) PETITT, George D., Engineer (Human
6-94-4374 (Autovon 22-443 7 4)BESRL Factors). BSEE 1949, North

Carolina A.&T. State Univ,

ORLEANS, Isaak D.; Research Psy- electrical engineering. USAMC/HEL

chologist. AB, Brown U.,
Literature, 1925; MS, CCNY, PHELPS, Russell M., Engineer (Human

Psychology, 1940; Columbia U., Factors). BS, Military Engineer-

1948-50. Intergroup Relations, ing, USMA, West Point, N.Y.

Social Psychology, General Specialization: Comnunications

Systems Theory, Values. Kappa Equipment. USAMC/HEL
Delta Pi, APA, EPA, SPSSI, ARP,
Certification - NY, Md. (29') POLDEN, Donald F.; Senior Staff
694-4071 (Autovon 22-44071) BESRL Technician. BS, U. of Georgia,

Law-Education, 1957; HA, George

OSBORN, William C.; Senior Scien- Washington U., Personnel Admin.,
tist. BA, Whitman C., Psychol., 1965. Presidio of Monterey,
1957; MS, Purdue U., Industrial Calif., (408) 242-8349. HumRRO

Psychol., 1959. Tug. Dev. and
Human Performance evaluation. POWERS, Theodore R.; Senior Scien-
MPA, Sigma Xi. Ft Knox, Ky., tist. BA, Ohio State U., Psy-
(502) 624-8149 (Autovon 726-3300, chol., 1953; MA, U. of Ky.,
Ext. 8149). HuWRRO Experimental Psychology, 1956.

Officer training and education.
PARKS, Leland H., SP4, Biological Ft Benning, Ga. (404) 545-1907.

Sciences Assistant, Behavioral HumRRO
Sciences Division. BS 1968, PRATT, Willard H., Research Scien-
Fort Hays Kansas State Univ; bio- tist. BA, Stetson U., Education
logy. MS 1969, Fort Hays Kansas and Sociology, 1958; MSSW, U. of
Univ; ecology. USAMC/NATICK Louisville, Social Work, 1968.

Work orientation and training
PATTERSON, James H., Jr., CPT, MSC, requirements of culturally

Research Psychologist, Ph.D., disadvantaged. Group Psycho-

University of California, Santa therapy. National Assoc. of

Barbara, 1970, Psychoacoustics. Soci.-il Workers, Academy of

AHRL/USAMRDC Certified Social Workers,
American Public Welfare Assoc.,

PATTIF, Currell L.; Research Scien- Kentucky Welfare Assoc., Omicron
tlst. AB, C. of William and Delta Kappa. Ft Knox, Kentucky
M&ry, Psychology, 1964; MA, U. (502) 624-5646 (Autovon 726-3300,
of kichmond, Psychol., 1966. Ext. 5646). HumRRO
T).aining. Human factors engin-
ering. Consumer psychol. PREVITE, Joseph J., Research Physio-
iersonnel selection. U. S. Army logist, Ph.D., Bryn Mawr College,
Quartermaster Center, T-1521, 1962, Environmental Physiology.

Va., (703) 734-2687. USAMRDC
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PRICE, G. Richard, Research Psy- RANKIN, William C. Research Psy-
chologist. AB 1960, Univ of chologist. Ph.D. 1970, Texas
Delaware; Ph.D. 1963, Princeton Christian Univ; MA 1963, Univ
Univ. Effects of high intensity of Omaha; BS 1960, Univ of Omaha.
sound on ear, electrophysiology Specialization: Experimental
of the nervous system. Member: Psychology. Medler: Southwestern
Acouitlcal Society of America; Psychological Association; Mid-
Sigma Xi; AAAS; NRC Committee western Psychological Associat-
on Hearing, Bioacoustics and ion; Southern Society for Philo-
Biormechanics. USAMC/UEL sophy and Psychology; Sigma Xi.

USAMC/NAVTRADEVCEN

PROPHET, Wallace W.; Director, Divi-
sion No. 6. AB, U. of Fla.,
Psychol., 1951; MA,1952, PhD, RAPPOPORT, Emilie N., Research Psy-

1958, U. of Fla., Experimental chologist (Engineering). BA 1962,
Psychol. Research administration. Wittenberg Univ; MA 1964, Ohio
Performance measurement. Psycho- State Univ; Integration of HumanPerfrmace eacrameit.Psyho- Factors Engiiering into Weapon

motor skills. Aviation psychol. Sy s em D eelop nt Wa pon

Fellow APA-SEPA-AlaPA-PlaPA, AAP, System Development Programs.
S(Fellow ), PAEAA~A- aA, P Member: Human Factors Society

AAAS (Fellow), AAAA, AUSA, Phi (Hpntsville Chapter); APA.
Beta Kappa, Phi Kappa Phi, Alpha USAMC/I(CQi
Kappa Delta, Personalities of

the South, License Alabama. RASMUSSEN, Miriam H.; Production
Ft Rucker, Ala., (205) 255-2709 Editor. BA, U. of Wisconsin,
(Autovon 558-2709). HumlRO Journalism, 1937. Editorial

work. Theta Sigma Phi. (703)

PIJIG, Joseph A., Psychologist. MA 549-3611. HumRRO

1967, St. John's Univ, MS 1954;
BA 1948, New York Univ. Special- RAY, Robert S.; Electronics Tech-
ization: Experimental Psychology, nician. Presidio of Monterey,
Vision (Physiological Optics). Calif., (408) 242-8349. HumRRO
Member: Human Factors Society.
USAMC/NAVTRADEVCEN RAYNER, Jay, Human Factors Technic-

ian. BA 1939, Norwich Univ;
RAKOWSKI, John R., Research Psy- Field Test Procedures; Visual

chologist (Eng Psych). BA 1951, Detection. USAMC/MCOK(PA)
Western Reserve Univ; MED 1961,
Rutgers Univ; Engineering Pay- READNOUR, Jon S., Mechanical Engi-
chology, Experimental Design; neering Assistant. BSAE, 1968,
Psychometrics. Member: IEEE. Purdue Univ; Integration of Human
USAMC/ECcOM Factors Engineering into Weapon

RAMJI, Malathi; Analyst Programmer. System Development Programs.

BA, U. of Bombay, Math, 1958. USAMC/MICOK
Statistical and math analysis,
Programming. Inst. of Math. Stat. REGAN, James J. Chief Psycholog-
Soc. for Industrial and Applied ist, Ph.D. 1957, Fordham Univ;
Math. (703) 549-3611. HumRRO MA 1951, Fordham Univ; Ph.B.

1948, Univ of Detroit. Special-
RANDALL, R. Bradley, Engineering ization: Training Research and

Technician. BA 1959, Alma Col- Human Factors. Member: APA;
lege; Univ of Maryland. Member: AAAS; New York State Psycholog-
Human Factors Society. USAMC/HEL ical Association; EPA; Senior
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Member: IEEE; Ergonomics Society; Performance, Job-Task Analysis,
Human Factors Society; Sigma Xi. Training. APA, DCPA, HPS, AAAS,
USAMC/NAVTR EVMN AMS, Sigma Xi. (202) 694-3728

(Autovon 22-43728) BESRL.

REID, Barbara V.; Assistant Editor.
BA, Rutgers U., Journalism, 1944. RYAN, Leonard E. Psychologist. AM
(703) 549-3611. HumRRO 1966, Univ of Houston; BS 1962,

Univ of Houston. Specialization:

RICKETSON, D. Schley; Research Physiological Psychology and
Associate. BA, State U. of New Human Factors. Member: South-
York, Psychol., 1966; MS, Kansas western Psychological Association.

State U., Experimental Psychol., USAMC/NAVTRAI$VCEN
1968. Aviation training. Human
Engineering. UPS. Ft Rucker, SACHS, Sidney A.; Supervisory
Ala. (205) 255-4404 (Autovon Mathematical Statistician. BSIE,
558-4404). HumnRO U. of 111, Ind Engineering, 1959;

MA, U. of Il1, Statistics, 1960.

ROBINSON, Richard E., Biological Computer Software. Am. Inst.
Laboratory Technician. USAMC/HEL Industrial Engineers; Assoc.

Member, ORSA. (202) 694-4469
(Autovon 22-44469) BESEL

ROBINSON, Sumner M., Research Pharma-
cologist, Ph.D., Massachusetts SAIT, Edward M.; Research Psychol-
College of Pharmacy, 1961, En- ogist (PM&E). AB, U. of
vironmental Pharmacology. USAMRDC California, 1935, Development,

RAnalysis, and Validation of
ROSENDLAIT, Richard D.; Junior Psychometric Instruments.

Behavioral Scientist. BS, U. of Situational Simulation. APA.
Baltimore, Business Administra- AAAS, Psymec S, Sigma Xi;
tion Psychology, 1962. Psi Certification - NY. C202)
ChM. (703) 519-3611 RuDRRO 694-4069 (Autovon 22-44069)

BESRL
ROOT, Robert T.; Research Psy-

chologist. AB, Harvard C.,
Psychology, 1954; MA, U. of SALTER, James A.; Research Scien-

Minnesota, Psychology, 1956; tist. BA, Yale U., Psychol.,

PhD, U. of Md., Psychology, 1959; HS, Cornell U., Psychol.,
1962. Information Processing 1963. Systems engineering of

& Decision Making. APA. (202) training. Leadership and manage-
694-3841 (AJutovon 22-43841)BESEL ment training. Attitude forma-

tion and change. Selection and
placement. Creativity research.ROSS, Robert M.; Research Psy- t enn ,G . (44 55-1907.

chologist (PM&E). BA, Brandeis HumRO
U., Psychology, 1959. Computer-
ized Testing, Personnel Selec-
tion. AStat A, AERA, DCPA. SAMET, Michael G.; Eng. Rsch.

(202) 694-4020 (Autovon 22-44020) Psychologist. BA, Yeshiva U.,
BESRL Mathematics, 1965; MS, Tufts U,

Experimental Psychology. Sub-
RUPE, Jesse C.; Sr. Task Leader. eie Psycolgy Sub-jective Probability & Informa-

BA, Doane C., Mathematics, 1929; tion Processing. APA, HFS.
MS, Purdue U., Ind Psychol, 1946; (202) 694-3880 (Autovon 22-43880)
PhD, Purdue U., 1950. Human BESEL
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SANDIISKY, Chad B., SF4, Bi logical SEIDEL, Robert J.; Program Director.
Science Assistant, Behavioral 3S, Rutgers U., Psychol., 1952;
Sciences Division. MS 1969, MA, U. of Penna., Programmed
Univ of Wisconsin; Food science. Instruction, 1954; PhD, U. of
USA4C/NATICK Penna., Psychology, 1957. Com-

puter-administored instruction.
SANTAMELI, Anthony, Research Pay Programmed instruction. Educe-

chologist. AS 1950, MA 1954, tional technology and systems.
The Catholic University of Amer, Learning theory and instr.:tion-
ica, Aircraft Instrumentation, al development. Human learning.
Displays, Image Interpretation, Engineering paychol. Cognitive
Programmed Learning, Training. processes. APA, EPA, PS, AERA,
USAMC/9OcM SGSR, IAAP, ADIS, Phi Beta

Kappab Sigma Xi. (703) 549-3611.

SCHANZ, William P., MC, Jirector,

Aviation Medicine Research Div- SHARKEY, Vincent J., Psychologist.
tsion, M.D., University of Penn- MA 1937, BA 1935, Fordnam Univ.
sylvania, 1955, Cardiovascular Specialization: Experimental
Stress Responses. USAARL/USAMRDC Psychology, Engineering Psychol-

ogy. USAM/NAVTRADEVCEN
SCHULZ, lussel I.; Research Scion-

tist. BA, 1956, MA, ..958, SHERSWM, John C., CPT, mC, Psychai-
Michigan State U., Psychol. trist, M.D., University of Calif-
Ala PA, AAP, Phi Kappa Phi, Phi ornia Medical School, 1965,
Eta Sigma. Ft Rucker, Ala., Experimental psychiatry. USAMRDC
(205) 255-5002 (Autovon 558-5002).
HumiRRO

SHIFLETT, Samuel C., cPT, MSC, Re-
SCHWARTZ, Shepard; Senior Scientist. search Psychologist, Ph.D., Univ-

BA, Long ISland U., Sociology, ersity of Illinois, 1969, Social
1933. Opinion surveys. Attitude Psychology and Motivation.
development. riodificatons and AMRL/USAMRDC
small group interaction. AE,,
AS oc A (Fellow). Ft Knox, Ky., SHOWEL, Morris; Senior Scientist.
(502) 624-5646 (Autovon 726- BA, U. of Chicago, Political
3300, Ext. 5646. Humino Science, 1947; MA, U. of Chicago,

Social Science, 1948; PhD, Wash-
ington State U., Sociology, 1952.

SB)IBURY, Georse R.; Research AS oc A, Pacific Sociological
Manager. BS, North Carlina Association. Presidio of
State, Chemistry, 1942. Co,- Mmyy, Calif., (408) 242-8349.
puter-administered Instruction.
(703) 549-3611. HumRIO SHUFORD, Doris B.; Systems Program-

mer. BS, Hampton Institute,
SERLEY, Leonard C.; Sr, Project Chemistry, 1959. Computer

Director. BA, Do lauy U., programming. Computer-admin-
Economics, 1936; MA, American istered instruntion. (703)
U., Psychology, 1958. Personnel 549-3611. HumRRO
Testing, Performance Evaluation, SMITH, Charles W.; Director for
Vocational Guidance. APA, EPA, Business Affairs & Treasurer.
DCPA. (202) 694-4020 (Autovon AB, George Washington U.,
22-44020) BESRL Business Administration, 1951;
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JD, George Washington U., Law, STATHAM, Flavous D., SPS, Mathe-
1953. DC Bar. (703) 549-3611. matical Statistical Asst. BS
HumRRO 1965, mathematics and chemistry;

MA 1967, Murray State College,
SMITH, Doothy C., Dietician, education - 12th grade principal-

roc! Acceptance Group, Behavioral ship. USAMC/HEL
Sciences Division. BS 1943, Univ
of Washington; Nutrition, food STAUBER, Allan G., SP4, Statist-
technology, hospital dietetics, STan, A cceptaGo -homePconmic. Meber Insit-ician, Food Acceptance Group, Be-
hoe economics. Member: Instit- havioral Sciences Division. MSute nf Food Technologi.sts; Amer 1967, Rensselaer Polytechnic

ican Dietetics Association; Home 1nstitue;sMaematc.

Economics Association. Institute; Mathematics.

USAMC/NATICK USAMC/MATICK

SMITH, Robert G., Jr.; Director for STEPHENS, John A., Supervisory
Program Development. BA, U. of Engineer (Human Factors), Chief,
Fla., English, 1942; HA, U. of Aviation Branch, Systems Rsch
Fla., Psychology, 1947; PhD, U. Laboratory. B.F.A. 1951, Rhode

of Illinois, Psychology, 1950. Island School of Design, indust-
Training and educational systems. rial design. USAMC/HEL
Fella APA, NSPI, License STERNBERG, Jack J.; Program Direc-
Virginia. (703) 549-3611. HumnRO tor. BS, Queens C., Experim

Psychol., 1948; MA, Syracuse U.,SMOAKE, James A. CPT, MSC, Research Experim Psychol, 1950. Human
Chemist, Ph.D., Rutgers University Performance, Psychophysics,
1961, Cardiovascular and Brain Psychometrics. HFS (408)
Physiology. USAMRDC 242-3130 (Autovon 8-973-4651)

BESRL
SPANGENBERG, Ronald W., Research

Scientist. BS, U. of Maryland, STICHT, Thomas G.; Senior Staff Sci-
Mechanical Engineering, 1954. entist. BA, 1962, HA, 1964, PhD,
Epis. Theol., Sem. of SW, Theol., 1965, U. of Arizona, Psychol.,
1960; MS, Indiana U., Education, Human communication and learning.
1967; EdD, Indiana U., Instr., APA, AERA, NRC, Psynom s, SSPP,
Systems Tech., 1970. Instruc- WPA, MBPA, Sigma Xi, Psi Chi.
tional Systems Technology. AERA, Presidio of Monterey, Calif.
Soc. for Sci. Study of Eel., (408) 242-8349. HumRRO
Rel. Educ. Assoc., Church
Historical Soc., Soc. of St. STOWELL, Harry R., Engineering
Luke. Ft. Knox, Kentucky (502) Technician, BA 1941, San Diego
624-2253. (Autovon 726-3300, Jr. College, aeronautical
Ext. 2253). HumRRO engineering; Xavier Univ; War

College, USAF. USAMC/HEL

SPELLMAN, Edsel A., Engineer (Human STRUB, Michael H.; Research Psy-
Factors). BSNM 1953, Indiana chologist. BA, Fordham U.,
Technical College. USAMC/HEL Psychology, 1964; MA, Ohio

State U., Psychology, 1966;
PhD, Ohio State U., Psychology,

STARNES, Paul W., E5, Psychol. 1968. Information Processing
Asst., BA 1968, Augusta College. & Decision Making. APA, MPA.USAMC/HEL (202) 694-3830 (Autovon 22-43830)

BESRL
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SWALLOW, Ronald J.; Systems THERRIWLT, Donald G., Research Chem-
Engineer. BS, U. of Illinois, ist, Ph.D., University of Louis-
Physics, 1956; PhD, U. of ville, 1960, Environmental Bi0-
Illinois, Biophysics, 1964. chemistry. USAIMRD_
(703) 549-3611. HumERO

THOMAS, Francis H.; Senior Staff
Scientist. AB, Bobard C., Psy-'SYMINGTON, L.E., Research Pay- Chol., 1942; PhD, Cornell U.,chologist, Ph.D. 1969, Univ of Psychol., 1953. Human vision.California, Santa Barbara. Spec- Perception. Information process-ialization: Psychology. Member: ing. Fellow, APA-Ala PA, HFS,Phi Beta Kappa. USAMC/HEL AAPSS, NRC-V. Ft Rucker, Ala.,(205) 255-4404 (Autovon 558-4404).TAXIS, Samuel G., BG, USMC (Ret); HumRRO

Senior Scientist. BS, Electrical
Engineering, 1931; MA, George THIAS, George E., SPS, Mechanical
Washington U., International Engineering Asst. BS 1968, TexasAffairs, 1965. Cross-cultural A&M Univ. Membe. ASME; SAE.work environments - problems and USAMC/HEL
training techniques. Area
specialist, middle East and South
Asia. USNI. (703) 549-3611. THGCbAS, Rex C., Psychologist. Ph.D.HumRRO 

1969, Colorado State Univ; MA
1965, Miami Univ; AD 1963, Heidel-berg College. Specialization:

TAYLOR, Elaine N.; Senior Scientist. Eperiental Psychology. Member:BS. Penn. State, Physical Ed. ExeietlPycooy ebr19S,; APe Statingree, h 1E., Psi-Chi Psychology Honorary.1949; HA, Bowling Green tate ., USM/AEK~VE
Psychology, 1951; PhD, State 1. i
of Iowa, Psychol., 1954. Evalu-
ation of performance. Learning TOR" , James P., Supervisorytheory. Research design. APA, Research Psychologist (Physiol-AERA, AAAS, Sigma Xi. Presidio ogical, Experimental and Engineer-of Monterey, Calif., (408) 242- ing); Chief, Weapons Branch.8349. HumRRO BA 1954, Adelphi College.

USAMC/HEL

TAYLOR, John E.; Senior Staff Sci- ICIWLE, Philip A., E3, Biologicalentist. BA, Penn. State, Psy- Asst. BA 1967, Bates C; MSchol., 1949; MA, Bowling Green 1968, Vanderbilt Univ. USAMC/HEL
State U., Psychol, 1950: PhD.
State U. of Iowa, Psychol., 1953.
R 4 D in instructional techno-
logy. Design and evaluation ofinstructional system. AERA, TREXLER, Robert C.; Program Direc-APA-MPA-WPA, Psynom S, AAAS, tor. BS, Mass. Institute ofSigma Xi. Presidio of Monterey, Technology, Electrical Engineer-Calif., (408) 242-8349. HumRRO Ing, 1954; RA, Washington and

Jefferson C., Math, 1955. On-
TERLECK, Thomas M., SP5, Mechanical the-job trainitg. ElectronicEngineering Asst., BE 1968, Youngs maintenance and maintenance doc-

town State Univ; Industrial Engf- umentation. IEEE, PG, HFF, EM.
neering. Member: AIE. USAMC/HEL (703) 549-3611. HumRO
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UHLANER, J(ulius) E.; Director, VOSS, Harold A. Psychologist. MA
Behavior and Systems Research 1937, Fordham Univ; BA 1935,
Laboratory. BS, CCNY, Mathe- Fordham Univ. Specialization:
matics, 1938; MS, Iowa St. U., Human Factors . Member: Research
Psychology, 1941; PhD, NYU, Society of America. USAMC/NAVTRADEVCEN
Psychology, 1947. Systems
Psychology, Theory of Human WAGNER, Harold; Research Scientist.
Performance, Measurement of BBA, City C. of New York, Indus-
Behavior. Fellow, APA (Presi- trial Psychology, 1959; PhD,
dent, Div Mil. Psychol), Iowa New York U., Psychology, 1968.Acad of Sci, Washington Acad of APA, EPA, DCPA, Psi Chi, Sigma
Scd.; Member, EPA, DCPA, SEPA, Xi. (703) 549-3611. HumaRO
WPA, HFS, HFS (Potomac Chapter),
Psymet S., Psynom S., ORSA, WARLBE.G, James L.; Research
NRC-Highway Research Board, Associate. BS, Wisconsin StateNRC-Armed Forces Comuittee on U., General Psychol., 1968.Vision, Army Behavioral & Social Performance prediction. Criter-

Sciences R&D Committee. (202) ion development. Secondary se-694-3411 (Autovon 22-4341-1) lection. Ft Rucker, Ala., (205)BESRL 255-2712 (Autovon 558-2712).
HumRRO

VAN ZANT, Gary E., SP4, BiologicalScie ce A sist nt, ehav oralWARD, Joseph S. ; Senior Staff Scien-Science Assistant, Behavioral ts.E,14,M,15,PD
Sciences Division. MS 1968, tst. BS, 1949, hA, 1959, PhD,SUniv of Nebraska; Physiology, 1962, Tulane U., Psychology.Univoogyebra.ka; Physiolog, Learning, training, education.

Task and skill analysis. Instru-

ctional methods. Learning vari-VILJOEN, Benjamin; Senior Techni- ables. Proficiency testing.
cisn. Presidio of Monterey, Incentive motivation. AudioCalif., (408) 242-8349. HumRRO visual aide. Television-film

production. Experimental design.
VINEBERG, Robert; Senior Staff Programmed Instruction. APA,

Scientist. AB, New York U., Sigma Xi. ?residio of Monterey,
Psychol., 1949; MA, 1950, PhD, Calif., (408) 242-8349. HumRRO
1952, New York U., Experimental
Psychology. Cognitive processes wrNCx, William L.; Technician.
and problem solving. Training. BA, U., of Pitts., History, 1953.
Learning. Psychological stress. Military psychol. Job analysis
Fellow APA, Psynom S, Sigma Xi.~and training development.
Presidio of Monterey, Calif., ASTD. Ft n Ky., (502) 624-
(408) 242-8349. HumRRO 5646 (Autovon 726-3300, Ext.

5646). HumRROVOGEL, James A., Research Psycho-
logist, Ph.D., Rutgers University, WAUGH, John D., Human factors engr.
1961, Cardiovascular and Brain BSME 1960, Univ of Buffalo;
Physiology. USARDC Rensselaer Polytechnic Instit-

VORACEK, Donald F., Mechanical ute. USAMC/HEL
Engineer; RS 1958, North Dakota WEASNER, M. Harold, Engineering
State Univ; Industrial Engineer- Psychologist; MA 1957, Univ of
ing and Management. Member: Virginia; Experimental Psycho-
AOA; Human Factors Society. logy. Member: APA; Human Factors
USAMC/WECOM Society. USAMC/MUCOM(PA)
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WEBER, Susan A.; Analyst Prograrer. Computer-administered instruc-
(703) 549-3611. HumRRC, tion. (703) 549-3611. HumERO

WEINGARTEN, Kenneth J.; Research WILLEMIN, Louis P.; Sr. Task
ciNentist, Bennet J.olRear.Leader. AB, Brown U., Litera-Scientist. uS, Columbia U., ture, 1936; MBA, U. of Pa.

General studies, 1934. Conten- Statistics, 1955. Tests, Ratings
gency analysis. Instructional and Situational Simulations for
systems. Presidio of Monterey, Differential prediction and
Calif., (408) 242-8349. HumRRO Criterion Measurement of Officer

Performance and Retention.
WEISZ, John D., Director, Human Psymet S., DCPA, AAAS. (202)

Engineering Laboratories. Ph.D. 694-4069 (Autovon 22-440 69)BESRL
1953, Univ of Nebraska. Member:
National Academy of Sciences, WILLIAMSON, Roger L.; Project
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